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American Railway Engineering

Association

CONSTITUTION
Revised to October 19, 1943

Article I

Name, Object and Location
1. Name

The name of this Association shall be the AMERICAN RAILWAY ENGINEERING
ASSOCIATION.

2. Object

The object of the Association shall be the advancement of knowledge pertaining

to the scientific and economic location, construction, operation and maintenance of

railways.

3. Means to be Used

The means to be used for this purpose shall be:

(a) The investigation of matters pertaining to the object of the Association

through Standing and Special Committees.

(b) Meetings for discussion of reports and papers.

(c) The publication of papers, reports and discussions.

4. Conclusions

The conclusions reached shall be recommendatory.

5. Location

The office of the Association shall be located in Chicago, Illinois.

Article II

Membership

1. Classes

The membership of this Association shall be divided into five classes: Members,

Life Members, Honorary Members, Associates and Junior Members.

2. Qualifications

A. General

(a) An applicant to be eligible for membership in any class other than that of

Junior Member shall be not less than twenty-five (25) years of age.

(b) To be eligible for election to or retention of membership as a Member or an

Associate, a person shall not be engaged directly and primarily in the sale to railways

of appliances, supplies, patents or patented services.

B. Member

A Member shall be:

(a) An Engineer or Officer in the service or on the retired list of a railway cor-

poration who has had not less than five (S) years' of experience in the location, con-

struction, operation or maintenance of railways.

Graduation in engineering from a school of recognized standing shall be considered

as equivalent to three (3) years of active practice, and the satisfactory completion of
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each year of work in such school, without graduation, shall be considered as equivalent

to one-half year of active practice.

(b) A Professor of Engineering in a university or college of recognized standing.

(c) An Engineer or Member of a public board or commission who in the discharge

of his regular duties deals with railway problems.

(d) An Engineering Editor of a magazine which deals primarily with railway

matters.

C. Lite Member

A Life Member shall be a Member who has paid dues for thirty-five (35) years, or

who has been retired under a recognized retirement practice and has paid dues for not

less than twenty-five (25) years.

D. Honorary Member

(a) An Honorary Member shall be a person of acknowledged eminence in railway

engineering or management.

(b) The number of Honorary Members shall be limited to ten (10).

E. Associate

An Associate shall be:

(a) An Engineer of a railway which is essentially an adjunct of an industry or

which is used primarily to transport the products and materials of an industry to and

from a railway which is a common carrier.

(b) A person qualified by training and experience to co-operate with Members

in the object of this Association but who is not qualified to become a Member.

F. Junior Member

(a) A Junior Member shall be not l?ss than twenty-one (21) years of age and

shall be an engineering employee of a railway corporation who has had not less than

three (3) years of experience in the location, construction, operation or maintenance of

railways.

Graduation in engineering from a school of recognized standing shall be considered

as equivalent to three (3) years of active practice, and the satisfactory completion of

each year of work in such school without graduation, shall be considered as equivalent

to one-half year of active practice.

(b) His membership in this Association shall terminate at the end of the calendar

year in which he becomes thirty (30) years of age.

(c) He may make application for membership other than as a Junior Member at

any time when he becomes eligible to do so.

3. Transfers

The Board of Direction shall transfer from one class of membership to another,

or may remove from membership any person whose qualifications so change as to

warrant such action.

4. Rights

(a) Members and Life Members shall have all the rights and privileges of the

Association.

(b) Honorary Members shall have all the rights and privileges of the Association

except those of holding elective office, provided, however, that Members or Life Members
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who are elected Honorary Members shall retain all the rights and privileges of the

Association.

(c) Associates and Junior Members shall have all the rights and privileges of the

Association, except those of voting and holding elective office.

Article III

Admission, Resignation, Expulsion and Reinstatement

1. Charter Membership

The Charter Membership of this Association consists of all persons elected to mem-

bership before March 15th, 1900.

2. Application for Membership

(a) A person desirous of membership in this Association shall make appUcation

upon the form provided by the Board of Direction. In the event that Junior Membership

is desired, the application shall so state.

(b) The applicant shall give the names of at least three Members of this Asso-

ciation to whom personally known. Each of such Members shall be requested by the

Secretary of the Association to certify to a personal knowledge of the applicant with an

opinion of the applicant's fitness or otherwise for membership.

(c) If an apphcant is not personally known to three Members of this Association,

the names of at least three well known persons engaged in railway or allied professional

work to whom personally known shall be given instead. Each of such persons shall be

requested by the Secretary of the Association to certify to a personal knowledge of the

applicant with an opinion of the applicant's fitness or otherwise for membership.

(d) No further action shall be taken upon the application until replies have been

received from at least three of the persons named by the applicant as references.

3. Election to Membership

(a) Upon completion of the application in accordance with Section 2 of this Article

the Board of Direction through its Membership Committee shall consider the application

and make such investigation as it may consider desirable or necessary.

(b) Upon completion of such consideration and investigation, each member of the

Board of Direction shall be supplied with all the information obtained, together with the

recommendation of the Membership Committee as to the class of membership, if any,

to which the applicant is eligible and the admission of the applicant shall be canvassed by

letter ballot among the members of the Board of Direction.

(c) In the event that an application has been made under the provisions of Section 2,

Paragraphs (a) and (b) of this Article, a two-thirds affirmative vote of the entire Board

of Direction shall be required for election.

(d) In the event that an application has been made under the provisions of Section 2,

Paragraphs (a) and (c) of this Article, a unanimous affirmative vote of the entire Board

of Direction shall be required for election.

4. Subscription to the Constitution

A person elected to membership in this Association shall subscribe to its Constitution

on the form prescribed by the Board of Direction. If this provision has not been com-

plied with within six months of notice of election the election shall be considered null

and void.

5. Honorary Member
A proposal for Honorary Membership shall be endorsed by ten or more Members of

the Association and a copy furnished each member of the Board of Direction. The
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nominee shall be declared an Honorary Member upon receiving a unanimous vote of the

entire Board of Direction.

6. Resignation

The Board of Direction shall accept the resignation, tendered in writing, of any

person holding membership in the Association whose obligations to the Association have

been fully met.

7. Expulsion

Charges may be preferred in writing by ten or more Members against a person hold-

ing membership in the Association. The person complained of shall be served with a

copy of such charges and shall be given an opportunity to answer them to the Board of

Direction. After such opportunity has been given, the Board of Direction shall take

final action. A two-thirds affirmative vote of the entire Board of Direction shall be

required for expulsion.

8. Reinstatement

(a) A person having been a Member, an Associate or a Junior Member of this

Association and having resigned such membership while in good standing may be

reinstated by a two-thirds affirmative vote of the entire Board of Direction.

(b) A person having been a Member, an Associate or a Junior Member of this

Association and having forfeited membership under the provisions of Article IV, Sec-

tion 3, may, upon such conditions as may be fixed by the Board, be reinstated by a

two-thirds affirmative vote of the entire Board of Direction.

Article IV

Dtres

1. Entrance Fee

(a) An entrance fee of ten dollars ($10.00) shall be payable to the Association with

each application for membership other than Junior Membership. This sum shall be

returned to an applicant not elected.

(b) No entrance fee shall be payable to the Association on account of Junior

Membership.

2. Annual Dues

(a) The annual dues for each Member and each Associate shall be ten dollars

($10.00).

(b) The annual dues for each Junior Member shall be five dollars ($5.00).

(c) Life Members and Honorary Members shall be exempt from the payment

of dues.

3. Arrears

A person whose dues are not paid before April 1st of the current year shall be

notified by the Secretary. If the dues are still unpaid on July 1st further notice shall

be given and a delinquent Member shall lose the right to vote. If the dues remain

unpaid October 1st the person shall be notified on the form prescribed by the Board of

Direction, and shall no longer receive the publications of the Association. If the dues

are not paid by December 31st, the person shall forfeit membership without further action

or notice, except as provided for in Section 4 of this Article.
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4. Remission of Dues

The Board of Direction may extend the time of payment of dues, and may remit
the dues of any Member, Associate or Junior Member who, for good reason, is unable
to pay them.

Article V

Officers

1. Officers

(a) The officers of the Association shall be a President, two Vice-Presidents, nine

Directors, a Secretary and a Treasurer.

(b) The President, the Vice-Presidents and the Directors, together with the five

latest living Past-Presidents continuing to be Members, shall constitute the Board of

Direction, in which the government of the Association shall be vested, and shall act as

Trustees and have the custody of all property belonging to the Association. The
President, the Vice-Presidents and the Directors shall be Members.

(c) The Secretary and the Treasurer shall be appointed by the Board of Direction.

2. Term of Office

The term of office of the President shall be one year, of the Vice-Presidents two
years and of the Directors three years. The term of each shall begin at the close of

the Annual Convention at which elected and continue until a successor is qualified.

All other officers and employees shall hold office or position during the pleasure of the

Board of Direction.

3. Officers Elected Annually

(a) There shall be elected at each Annual Convention a President, one Vice-

President and three Directors.

(b) The candidates for President and for Vice-President shall be selected from
the members or past members of the Board of Direction.

4. Conditions of Re-election of Officers

A President shall be ineligible for re-election. Vice-Presidents and Directors shall

not be eligible for re-election to the same office until at least one full term has elapsed

after the end of their respective terms.

5. Vacancies in Offices

(a) When a vacancy occurs in the office of President the duties shall be performed

by the senior Vice-President.

(b) When a vacancy occurs in the office of either Vice-President the Board of

Direction shall select a Vice-President from the members or past members of the Board

of Direction. A Vice-Presidency shall not be considered vacant when one of the Vice-

Presidents is filling a vacancy in the Presidency.

(c) A vacancy in the office of Director shall be filled by the Board of Direction.

(d) An incumbent in any office for an unexpired term shall be eligible for re-

election to the office held; provided however, that anyone appointed to fill a vacancy as

Director within six months after the term commences shall be considered as coming

within the provisions of Article V, Section 4.
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6. Vacation of OfiBce

(a) When an elected officer ceases to be a Member of the Association, as provided

in Article n, the office shall be vacated.

(b) In case of the disability of or neglect in the performance of duty by an officer,

the Board of Direction, by a two-thirds affirmative vote of the entire Board, shall have

the power to declare the office vacant.

Article VI

Nomination and Election of Officers

1. Nominating Committee

(a) There shall be a Nominating Committee composed of the five latest living

Past-Presidents of the Association, who are Members, and five Members who are not

officers.

(b) The five Members who are not officers shall be elected annually for a term

of one year, when the officers of the Association are elected.

(c) The senior Past-President who is a member of the Committee shall be the

Chairman of the Committee. In the absence of the senior Past-President from a meet-

ing of the Committee the Past-President next in seniority present shall act as Chairman.

2. Method of Nominating

(a) Prior to December 1st of each year the Chairman shall call a meeting of the

Committee at a convenient place, at which nominees for the various elective offices

shall be selected as follows:

Number of Candi-

Nutnber of Candi- dates to be

dates to be named elected at the

by the Nominating Annual Election

Office to be Filled Committee. of Officers.

President 1 1

Vice-President 1 1

Directors 9 3

Nominating Committee 10 S

(b) The Chairman of the Nominating Committee shall send the names of the

nominees to the President and Secretary not later than December iSth of the same year,

and the Secretary shall report them to the members of the Association on a printed

slip not later than January 1st following.

(c) At any time between January 1st and February 1st any ten or more Members

may send to the Secretary additional nominations for any elective office for the ensuing

year signed by such Members.

(d) If any person nominated shall be found by the Board of Direction to be

ineligible for the office for which nominated, or should a nominee decline such nomination,

the name shall be withdrawn. The Board of Direction may fill any vacancies that may
occur in the list of nominees up to the time the ballots are sent out.

3. Ballots Issued

Not less than thirty days prior to each Annual Convention, the Secretary shall issue

a ballot to each voting member of record in good standing, listing the several candidates

to be voted upon. When there is more than one candidate for any office, the names
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shall be arranged on the ballot in the order that shall be determined by lot by the

Nominating Committee. The ballot shall be accompanied by a statement giving for

each candidate, his record of membership and activities in this Association.

4. Substitution of Names

Members may erase names from the printed ballot list and may substitute the name

or names of any other person or persons eligible for any office, but the number of names

voted for each office on the ballot must not exceed the number to be elected at that

time to such office.

5. Ballots

(a) Ballots shall be placed in an envelope, sealed and endorsed with the name of

the voter, and mailed to or deposited with the Secretary at any time previous to the

closure of the polls.

(b) A voter may withdraw a ballot, and cast another, at any time before the polls

close.

(c) Ballots not endorsed or from persons not qualified to vote shall not be counted.

(d) The ballots and envelopes shall be preserved for not less than ten days after

the vote is canvassed.

6. Closure of Polls

The polls shall be closed at twelve o'clock noon on the second day of the Annual

Convention, and the ballots shall be counted by tellers appointed by the Presiding

Officer.

7. Election

(a) The persons who shall receive the highest number of votes for the offices for

which they are candidates shall be declared elected.

(b) In case of a tie between two or more candidates for the same office, the

Members present at the Annual Convention shall elect the officer by ballot from the

candidates so tied.

(c) The Presiding Officer shall announce at the convention the names of the

officers elected in accordance with this Article.

Article VII

Management

1. President

The President shall have general supervision of the affairs of the Association, shall

preside at meetings of the Association and of the Board of Direction, and shall be

ex-officio a member of all committees, except the Nominating Committee.

2. Vice-Presidents

The Vice-Presidents, in order of seniority, shall preside at meetings in the absence

of the President and shall discharge the duties in case of a vacancy in the office.
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3. Treasurer

The Treasurer shall receive all monies, deposit the same in the name of the

Association, receipt to the Secretary therefor and invest all funds not needed for current

disbursements as shall be ordered by the Board- of Direction. The Treasurer shall pay

all bills, when properly certified and audited by the Finance Committee, and make such

reports as may be called for by the Board of Direction.

4. Secretary

The Secretary, shall be under the direction of the President and Board of Direction,

the Executive Officer of the Association and shall attend the meetings of the Association

and of the Board of Direction, prepare the business therefor, and duly record the

proceedings thereof. The Secretary shall see that the monies due the Association are

collected and without loss transferred to the custody of the Treasurer, and shall personally

certify to the accuracy of all bills or vouchers on which money is to be paid. The Sec-

retary is to conduct the correspondence of the Association, keep proper record thereof,

and perform such other duties as the Board of Direction may prescribe.

5. Auditing of Accounts

The accounts of the Treasurer and of the Secretary shall be audited annually by

an approved accountant under the direction of the Finance Committee of the Board

of Direction.

6. Board of Direction

(a) The Board of Direction shall manage the affairs of the Association, and shall

have full power to control and regulate all matters not otherwise provided in the

Constitution.

(b) The Board of Direction shall meet within thirty days after each Annual

Convention, and at such other times as the President may direct. Special meetings

shall be called on request, in writing, of five members of the Board of Direction.

(c) Seven members of the Board of Direction shall constitute a quorum.

(d) At the first meeting of the Board of Direction after the Annual Convention,

the following committees, each consisting of not less than three members, shall be

appointed by the President from the Board of Direction and they shall report to and

perform their duties under the supervision of the Board of Direction.

Finance

Publication

Outline of Work of Committees

Personnel of Committees

Membership

Manual

7. Duties of the Committees of the Board of Direction

(a) Finance Committee

The Finance Committee shall have immediate supervision of the accounts and

financial affairs of the Association; shall approve all bills before payment, and shall

make recommendations to the Board of Direction as to the investment of monies and

other financial matters. The Finance Committee shall not have the power to incur

debts or other obligations binding the Association, nor authorize the payment of money
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other than the amounts necessan,- to meet ordinary current expenses of the Association,

except by authority of the Board of Direction.

(b) Publication Committee

The Publication Committee shall have general supervision of the publications of

the Association. The Publication Committee shall not have the power to incur debts

or other obligations binding the Association, nor authorize the payment of money except

by authority of the Board of Direction.

(c) Committee on Outline of Work of Committees

The Committee on Outline of Work of Committees shall prepare and present to the

Board of Direction a report of the subjects to be investigated, considered and reported

upon by the standing and special committees of the Association during the ensuing year.

(d) Committee on Personnel of Committees

The Committee on Personnel of Committees shall prepare and present to the Board

of Direction a list of chairman, vice-chairmen and members of the standing and special

committees of the Association for the ensuing year.

(e) Membership Committee

The Membership Committee shall make investigation of applicants for membership

and shall make recommendations to the Board of Direction with reference thereto.

(f) Manual Committee

The Manual Committee shall study and recommend to the Board of Direction as

to the manner in which the material adopted for addition or deletion from the Manual

shall be handled.

8. Standing Committees

The Board of Direction may appoint standing committees to investigate, consider

and report upon questions pertaining to railway location, construction, operation and

maintenance.

9. Special Committees

The Board of Direction may appoint special committees to examine into and

report upon any subject connected with the objects of this Association.

10. Discussion by Non-Members

The Board of Direction may invite discussions of reports from persons not members

of the Association.

11. Sanction of Act of Board of Direction

An act of the Board of Direction which shall have received the expressed or implied

sanction of the membership at the next annual convention of the Association shall be

deemed to be the act of the Association.

Article VIII

Meetings

I. Annual Convention

(a) The Annual Convention of the Association shall be held in the City of

Chicago, Illinois. The convention shall open on a Tuesday in the month of March to

be determined by the President.
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(b) The Secretan,' shall notify all members of the Association of the time and

place of the Annual Convention at least thirty (30) days in advance thereof.

(c) The order of business at the Annual Convention of the Association shall be:

Reading of the Minutes of the last meeting

Address of the President

Reports of the Secretary and the Treasurer

Reports of Committees

Unfinished Business

New Business

Installation of Officers

Adjournment

(d) This order of business may be changed by a majority vote of Members present.

(e) The proceedings shall be governed by "Robert's Rules of Order" except as

otherwise herein provided.

(f) Discussions shall be limited to members and to those others invited by the

Presiding Officer to speak.

2. Special Meetings

Special meetings of the Association may be called by the Board of Direction and

special meetings shall be so called by the Board of Direction upon written request of

thirty Members. The request shall state the purpose of such meeting.

The call for such special meeting shall be issued not less than ten (10) days in

advance and shall state the purpose and place of the meeting. No other business shall

be taken up at such meeting.

3. Quorum
Twenty-five (25) Members shall constitute a quorum at all meetings of the

Association.

Article IX

Amendment
I. Amendment

Proposed Amendment of this Constitution shall be made in writing, shall be signed

by not less than ten Members and shall be acted upon in the following manner:

The amendment shall be presented to the Secretary, who shall send a copy to each

member of the Board of Direction as soon as received. If a majority of the entire

Board of Direction so votes the matter shall be submitted to the Association by letter-

ballot.

The Board of Direction shall canvass the ballots which have been received within

sixty days after the date of issue of the letter-ballot and if two-thirds (%) of the votes

so received are in the affirmative the amendment shall be declared adopted and shall

become immediately effective.

The result shall be announced at the next Annual Convention.
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GENERAL INFORMATION
(Revised to March, 1941.)

GENERAL RULES FOR THE PREPARATION, PUBLICATION AND
CONSIDERATION OF COMMITTEE REPORTS

(A) Appointment of Committees and Outline of Work

Standing Committees

1. The following are Standing Committees:

1. Roadway and Ballast.

3. Ties.

4. Rail.

5. Track.

6. Buildings.

7. Wood Bridges and Trestles.

8. Masonry.
9. Highways.

10. Signals and Interlocking.

11. Records and Accounts.

13. Water Service, Fire Protection and Sanitation.

14. Yards and Terminals.

15. Iron and Steel Structures.

16. Economics of Railway Location and Operation.

17. Wood Preservation.

18. Electricity.

20. Uniform General Contract Forms.

22. Economics of Railway Labor.

24. Cooperative Relations with Universities.

25. Waterways and Harbors.

26. Standardization.

27. Maintenance of Way Work Equipment.
28. Clearances.

Special Committees

2. Special Committees will be appointed from time to time, as may be deemed

expedient, in the manner prescribed by Article VII, Section 9, of the Constitution.

The following are Special Committees:

Waterproofing of Railway Structures.

Impact.

Personnel of Committees

3. The personnel of all committees will continue from year to year, except when

changes are announced by the Board of Direction. It is desirable that ten percent of the

membership of each committee be changed each year.

Members of committees who do not attend meetings of committees during the year

or render service by correspondence will be relieved and the vacancies filled by the

Board at the succeeding annual convention.

Outline of Work
4. As soon as practicable after the reports of committees for the current year have

been filed with the secretary, the Board of Direction will assign to the committees,

subjects which in its judgmiint should preferably be considered during the succeeding

year, provided, however, that such assignments may be subject to revision until the close

of the Annual Convention. Such assignments should not be deviated from except in

extreme cases and then not until approved by the Committee on Outline of Work."

* Committee 12—Rules and OrRanization and the Special Committee on Stresses in Railroad Track

have been discontinued by action of the Board of Direction. The Committee on Research Administration

will supervise investigations on track stresses.
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_ ,
(B) Preparation of Committee Reports

General

5. The objectives of the Association are advanced through the work of the com-

mittees in two ways— (1) the development of useful information pertinent to their assign-

ments to be presented to the Association "as information", and (2) the formulation of

recommended practices to be submitted for adoption and publication in the Manual.

(a) Whether the report on any particular assignment should take the form of

"information" or a "recommended practice", depends largely on the nature of the assign-

ment. Some assignments will be fulfilled completely by the presentation of information;

others call for information in support of appended recommendations that are submitted

for adoption. In still other cases, the primary objective is a comprehensive statement of

recommended practices, but the development of these recommended practices may entail

investigation or research work, the results of which are of such importance as to war-

rant their presentation as information prior to the submission of the recommendations.

In some cases, also, it may be advisable to submit as information matter in the form of

recommended practice, with a view to inviting suggestions and criticisms that may serve

as the basis for revisions prior to the resubmission of the matter for adoption a year later.

Planning the Work
6. In pursuing the work on any assignment, the first step is necessarily one of fact

finding, including (a) a study of available literature on the subject, particularly reports

of previous investigations, (b) a compilation of current practice, especially recent changes

in practice, and (c) resort to original tests or experimentation, after a canvass of all

other sources of information indicates that research work is necessary.

Collection of Data

(a) Committees are privileged to obtain data or information in any proper way.

Tf desired, the secretary will issue circulars of inquiry, which should be brief and concise.

The questions asked should be specific and pertinent, and not of such general or involved

character as to preclude the possibility of obtaining satisfactory and prompt responses.

They should specify to whom answers are to be sent, and should be in such form that

copies can be retained by persons replying either by typewriter or blueprint.

(b) Requests for appropriations for the conduct of research work should be sent

to the secretary with a supporting statement setting forth: (a) the nature of the infor-

mation sought; (b) how the railroads are adversely affected by the lack of this informa-

tion; (c) the estimated cost of the investigation; (d) the estimated time to complete the

work; (e) the basis for assuming that the investigation will produce the data desired;

and, (f) an estimate of the savings to be realized or other advantages to accrue from the

successful completion of the investigations. A request for funds to continue or complete

an investigation shall include a statement of the results obtained to date.

Reports

7. Committees should pursue their investigations on all assignments but are expected

to present progress or final reports for publication only on those assignments regarding

which pertinent information has been developed.

(a) Committees are privileged to present the results of any special study or investi-

gation they may be engaged upon in connection with their assignments that may be

considered of sufficient importance to warrant presentation.

(b) Reports of information, supplementing previous reports of progress, may include

a brief review of matter previously presented, but should avoid extended repetition of

such matter.
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(c) Matter offered for adoption and publication in the Manual should be submitted

in full, regardless of its publication in previous years unless the matter being offered

appeared in identical form not more than one year before being submitted for adoption.

(d) Illustrations accompanying reports should, when possible, be prepared so that

they can be reproduced on one page. The use of inserts should be avoided.

(e) One of the most important duties of each committee is to examine its own

subject-matter in the Manual each year and submit such revisions of or supplements to

the Manual as are deemed necessary to keep it up to date. New matter for publication

in the Manual and revisions thereof must be submitted in the form and manner specified

in the General Rules for Publication of the Manual.

Form of Reports

8. Committee reports shall be prepared in accordance with the Instructions published

in the annual pamphlet of committee assignments and personnel.

(C) Publication of Reports

Dates for Filing and Publication of Reports

9. For the convenience of those attending the convention, the reports of committees

to be presented at any session of the annual convention will be published, so far as pos-

sible, in the same bulletin. To carry out this plan requires a careful scheduling of the

filing of reports and the publication of bulletins, and the arrangement of the convention

program. It is of utmost importance that chairmen file complete reports of their com-

mittees on or before the dates specified on the schedule furnished them.

Written Discussions

10. Written discussions of published reports will be transmitted to the chairman of

the interested committee who will read or present them by title or in abstract at the

convention. Written discussions will be published in the Proceedings as a part of the

discussion of the committee reports.

Verbal Discussions

11. Each speaker's remarks will be submitted to him in writing before publication

in the Proceedings, for the correction of diction and errors of reporting, but not for the

elimination of remarks.

Seauence ^^^ Consideration of Committee Reports

12. The sequence in which committee reports will be considered by the convention

will be determined by the Board of Direction.

Method

13. Reports offered as information will be presented by title or by a brief outline of

the contents. Comments or criticisms may be offered from the floor upon invitation from

the presiding officer.

14. Matter submitted for adoption and publication in the Manual may receive

consideration by one of the following procedures:

(a) Reading by title.

(b) Reading, discussing and acting upon each conclusion separately.

(c) By majority vote, discussion will be had on each item. Clauses not objected to

when read will be considered as voted upon and adopted.
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Action on Reports

IS. No formal action is to be taken by the convention on matter submitted as

inlormation, whether in the form of a progress or final report.

Action on matter submitted for adoption and publication in the Manual will be

one of the following:

(a) Adoption as a whole as presented.

(b) Affirmative action on the amendment of a part or parts of the matter presented,

followed by adoption as a whole, as amended.
(c) Adoption of a part, complete in itself, and referring of remainder back to the

committee.

(d) Recommittal with or without instructions.

Note.—An amendment which affects underlying principles, if adopted, shall of itself

constitute a recommittal of such part of the report as the committee considers affected.

The Chair will decline to entertain amendments which in his opinion are primarily

a matter of editing.

(E) Publication of Abstracts bv Technical Journals

The following rules will govern the releasing of matter for publication in technical

journals:

Committee reports, requiring action by the Association at the annual convention,

will not be released until after presentation to the convention ; special articles, contributed

by members and others, on which no action by the Association is necessary, are to be

released for publication by the technical journals after issuance in the bulletin; provided,

application therefor is made in writing and proper credit be given the Association,

authors or committees presenting such material.

GENERAL RULES FOR PUBLICATION OF THE MANUAL
Title

1. The title of the volume will be "Manual of the American Railway Engineering

Association."

2. The Board of Direction shall have the authority to withhold from publication

any matter which it shall consider as not desirable to publish, or as not being in proper

shape, or as not having received proper study and consideration.

Contents

3. The matter adopted by the Association for publication in the Manual shall be

considered Recommended Practice, but shall not be binding on the members. Recom-

mended Practice, as defined by the Board of Direction (May 20, 1936) is a material,

device, plan, specification or practice recommended to the railways for use as required,

either exactly as presented or with such modifications as may be necessary or desirable

to meet the needs of individual railways, but in either event, with a view to promoting

efficiency or economy, or both, in the location, construction, operation or maintenance

of railways.

Requisites for Adoption

4. The Manual will include only such matter as has been made the subject of a

special study by a standing or special committee and embodied in a committee report,

published not less than thirty days prior to the .\nnual Convention, and submitted by

the committee to the Annual Convention, and which, after due consideration and dis-
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cussion, shall have been voted on and formally adopted by the Association. Subjects

which, in the opinion of the Board of Direction shall be reviewed by the Association

of American Railroads, may be referred to that association before being published in

the Manual.

5. All conclusions included in the Manual must be in concise and proper shape for

publication, as the Manual will consist only of a summary record of the definitions,

specifications and principles of practice adopted by the Association, with a brief reference

to the published Proceedings of the Association for the context of the committee report

and subsequent discussion and the final action of the Association.

Revision

6. Any matter published in the Manual may be amended or withdrawn by vote

at any subsequent Annual Convention, provided such changes are proposed in time for

publication not less than thirty days prior to the Annual Convention, and in the fol-

lowing manner: (a) upon recommendation of the committee in charge of the subject;

(b) upon recommendation of the Board of Direction; (c) upon request of five members,

made to the Board of Direction.

7. Revisions of or additions to the Manual authorized by action at each convention

will be published annually in the form of loose-leaf sheets which will be made available

to all holders of the Manual. These supplemental sheets will be accompanied by instruc-

tions for insertion of the new sheets and the withdrawal of sheets that have been super-

seded, as well as those that have been withdrawn by action of the Association.



Report of Committee 16—Economics of Railway

Location and Operation

M. F. Mannion, Chairman,
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8. The general course of the cost of railway transportation and operation over the past

100 years, the principal determining elements and the economic significance.

No report.

9. The advantage derived from stiffness of track in improving economics of train

operation.

No report.

10. Economics of reduction in rate of curvature on existing lines.

Final report, submitted as information page 39

The Committee on Economics of Railway Location

AND Operation,

M. F. Mannion, Chairman.

Samuel IL. Monsfon

Samuel L. Wonson, assistant chief engineer, Missouri Pacific Railroad at St. Louis,

Mo., died suddenly in that city on October 1, 1943.

He was born July 1, 1877 at Gloucester, Mass., and was graduated from Harvard

College with an A.B. degree in 1899 and from Massachusetts Institute of Technology

with a B.S. degree in 1901. Following the completion of his education, he was engaged

as an assistant in civil engineering, and from 1902 to 1907 as a draftsman and assistant

engineer in the construction department of the American Bridge Company. He entered

railway service in 1907 as assistant bridge engineer, Mexican Railway, serving in that

capacity until 1910, since which time he had been in continuous service with the Missouri

Pacific successively as follows: General bridge inspector, assistant bridge engineer, bridge

engineer and assistant chief engineer.

Mr. Wonson became a member of the American Railway Engineering Association in

1913. His committee service included seven years with the Committee on Wood Bridges

and Trestles ending in 1927 and followed in 1935 with appointment to membership of

the Committee on Waterways and Harbors, which he retained until the time of his death.

Also in 1935, he became a member of Committee 21—Economics of Railway Operation

and was identified with that committee at the time of its consolidation with Committee

16—Economics of Railway Location as the Committee on Economics of Railway Loca-

tion and Operation, of which he continued to be a member.

The committee records with profound sorrow, the loss of an esteemed member, and

its sincere appreciation of the valuable contributions he made to the work of the

committee.
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Report on Assignment 3

Methods or Formulas for the Solution o£ Special Problems Relating

to More Economical and Efficient Railway Operation

B. T. Anderson (chairman, subcommittee), J. W. Barriger, III, J. L. Campbell, J. A.

Erskine, C. H. R. Howe, W. B. Irwin, H. R. Peterson, C. P. Richardson, E. H. Roth,

J. A. Schoch, H. F. Schryver, B. J. Schwendt, H. A. Shinkle, F. C. Squire, C. B.

Stanton, J. A. Wood.

This report is submitted as information with the recommendation that the subject

be continued for further study.

Since the completion of its last report. Proceedings Vol. 44, 1943, page 172, on in-

creased road capacity, locomotive saving and car saving, the committee has continued its

studies of these subjects and submits the following additional information.

Increased Road Capacity

While increases of 30 percent in train movements and 100 percent in gross ton-miles

on single track lines have been made possible by improvements in the facilities and meth-

ods of directing train movements, the committee has as yet been unable to determine

from actual operating experience the actual capacity of a section of a railroad or develop

a formula showing the increased capacity resulting from the improved train operation.

Until further data are available, it is advisable to compare the present operation, taken

from the train sheets, with the proposed operation on the redispatched train charts and

thereby determine the percent in increase of road capacity.

Locomotive Saving

In last year's report, the committee submitted four formulas for determining the

saving in locomotives resulting from the improved train operation as follows:

1. Formula based on average speed.

2. Formula based on train-hours saved per trip.

3. Formula based on train-hours saved per day, 24-hour locomotive day.

4. Formula based on train-hours saved per day, 18-hour locomotive day.

In the majority of studies made in the past few years, formulas 3 and 4 were used

more often than either 1 or 2. These studies developed the following information:

1. The formula should be based on locomotive-hours rather than train-hours saved,

because many trains are operated with more than one locomotive.

2. The formula should be based on the locomotive-hours saved on the peak day

rather than the average day.

3. The formula should be based on the number of locomotives in the pool rather

than the number on the Hne on the peak day.

4. The formula should be apphcable to the problem of determining the saving in

helper locomotives operating over a portion of the subdivision as well as the

saving in road locomotives operating over the subdivision.

The committee submits a revised formula based on the above information.

Locomotive Saving

An improved method of train operation will not only save road train-hours but also

locomotive-hours. The locomotive-hours saved often exceed the road train-hours saved

because of the effect of double-heading, helper service, tie-ups, etc.
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One method of determining the locomotive saving is to redispatch the trains with the

new operation under peak traffic and note the difference in locomotive requirements.

A second method is based on the locomotive-hours saved on the peak, day in road

and helper service. Assume the improved system of train operation saved 64 locomotive-

hours in road service and 16 locomotive-hours in helper service on the peak day. If the

road locomotive utilization is 16 hours per day and the helper utilization is 8 hours per

day, the locomotive saving is 6 locomotives, 4 road and 2 helper.

The formula for locomotive saving is then:

L, = —-, where
L2

Example
Road Helper

Li = Locomotive-hours saved on peaJt day 64 16

L2 = Locomotive-hours utilized per day 16 8

Ls = Locomotives saved on peak day 4 2

Total i 6

The example illustrates the use of the formula. Each railroad should substitute the

values applying to a particular project. Where a reduction in road and helper locomotives

will result in saving locomotives in the pool, the additional number of locomotives saved

should be added to the saving derived from the formula.

Car Saving

The 1943 report included a formula for car saving based on the train-hours saved

per day and the number of cars per train. A revised formula with explanatory informa-

tion is submitted.

Car Saving

An improved method of train operation will not only save road freight train-hours

and locomotive-hours but also car-hours, based on the average number of cars per freight

train.

Assume the improved system of train operation saved 64 freight train-hours per day,

each train averaging SO cars per train. There is a reduction of 3,200 car-hours in the re-

quirements for freight car equipment.

The formula for car saving is then:

- C, z=Ii><Sl^ where
24

Example

Ti = the freight train-hours saved per day 64
Ci = the cars per freight train SO
24 = the hours per day 24

Cs '^ the cars saved per day 133.3

The example illustrates the use of the formula. Each railroad should substitute the

values applying to a particular project.
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Report on Assignment 4

Effect of High Speed on Railway Operating Expenses

B. J. Schwendt (chairman, subcommittee), V. T. Boughton, P. D. Coons, J. V. Dilla-

bough, Clark Hungerford, F. N. Nye, J. F. Pringle, C. P. Richardson, R. W. Rogers,

H. W. Snyder, F. C. Squire, H. M. Tremaine, S. L. Wonson, J. A. Wood.

This is a final report submitted as information.

In the Proceedings, Vol. 22, 1921, pages 760-772, a report was made on the "Effect

of speed of trains on cost of operation". This report was divided into two sections:

1. Effect of speed on track maintenance expenses.

2. Effect of speed on transportation and maintenance of equipment expenses.

Section (1) of the report contains an analysis of the effect of speed on certain

expense accounts: Superintendence, ties, rails, other track material, ballast, track laying

and surfacing, and bridges, trestles and culverts, which led to the conclusion that the

effect of speed on the cost of track maintenance is measurable and is to increase the cost

as the speed increases.

Section (2) of the report contains an analysis of freight train operation and costs

on two train districts of a railroad as related to the following transportation and main-

tenance of equipment expense accounts: Wages of train enginemen and trainmen, fuel

for train locomotives, train locomotive repairs, and interest and depreciation applied to

train locomotives. The total of these accounts represents a substantial portion of the

total of transportation and maintenance of equipment expenses. This analysis indicates

that the cost of transportation and maintenance of equipment is affected by speed and

train load. As the train load is decreased, permitting increased speeds, the overall cost

of operation is increased, the rate of which accelerates as the train tonnage is further

decreased in order that the speed may be increased in excess of a reasonable maximum.

In the Proceedings, Vol. 40, 1939, pages 165-166; Vol. 41, 1940, pages ISO-ISI;

and Vol. 42, 1941, pages 56 to 67; are further reports embracing the three major general

accounts, namely, maintenance of way, maintenance of equipment, and transportation

expenses, which are affected by high speed, and discussion on the following items:

1. Increased maintenance expense of track, etc.

2. Increased power and equipment maintenance expense.

3. Increased fuel and water consumption.

4. Increased crew wages.

5. Increased capital expenditures because of increased power and equipment re-

quired through reduction of train length in order to secure increased speed.

The conclusions of these reports are as follows:

Maintenance of Way Expenses.—It is generally conceded that high speed operation

is more damaging to track and roadbed than operation at lower speeds with equipment

of the same weight. However, many of the new high-speed passenger trains today are

considerably lighter in weight than other and older trains. Also, the power units hauling

these trains are either without reciprocating parts or they are so nicely designed to the

work they perform that damaging effects are not assignable to their operation. More-

over, such trains are operated on the same tracks with other passenger trains of lower
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speeds, and usually with all classes of freight trains. It is, therefore, difficult, if not

impossible, to determine how much disturbance to the track's line-surface-gage, etc., is

attributable to the high-speed trains. Further and greater diversity of experience will be

required for definite determination of these effects.

Reference should also be made to the report of Committee 22 on "Effect of high

speeds on the labor cost of track maintenance", which will be found in that committee's

report, Proceedings, Vol. 38, 1937, page 375.

Maintenance, of Equipment Expenses.—New and radically different designs of equip-

ment are also being used in high-speed service. The maintenance cost per mile or ton-

mile of this equipment cannot be precisely determined due to the relatively short period

of time it has been in service. Annual equipment maintenance costs for the first few

years of service are not true average costs, as it is a known fact that such expenses tend

to increase as the equipment ages. With respect to what might be called standard equip-

ment, it is reasonable to believe that maintenance costs rise with increasing speed as the

wear and tear tend to increase with the speed.

Transportation Expenses.—Increases in speed require increased fuel and water con-

sumption for steam locomotives. This additional fuel and water consumption increases

at a more rapid rate than the speed itself increases.

Higher speeds also have a very material effect on locomotive requirements. These

requirements for handling a given volume of traffic increase very rapidly as the speed

of the service is increased. Such increase necessitates additional capital expenditures and

adds to maintenance of equipment expenses at least in proportion to the additional

power required.

The effect of high speed on fuel and water consumption and power requirements is

shown in tables which were compiled for three different types of services, based upon

data contained in Chapter 16 of the AREA Manual.

As train speeds are increased more trains, each of smaller tonnage, are necessary to

handle a given volume of traffic. The operation of a larger number of high-speed trains

may interfere with and delay the movement of the slower tonnage trains. Insofar as one

class of traffic interferes with another, the superior traffic tends to increase the cost of

handling the inferior traffic. The actual amount of interference depends on many factors

and the determination of its effect on the overall cost of operation must be evaluated

by specific study rather than on any generalizations.

Previous reports by this subcommittee have not included the subject of capital

expenditures made to improve grade or alinement, to revise signal installations, to respace

sidings or to improve yards, etc., to permit higher speeds. That subject has been under

consideration by subcommittee 6—Effect of speeds in excess of 75 miles per hour on the

economics of railway location. Such capital expenditures where necessary and the in-

creased carrying costs and taxes which they entail, must of course be carefully evaluated

in any such study.

The present assignment of this subcommittee is with respect to the effect of high

speeds on expenses. It should not be overloo.ked that the more economical operating

speeds may not be productive of the maximum revenues. Faster speeds which permit

expedited service which the traveling and shipping public has come to expect and demand,

may produce a more rapid increase in revenues than in expenses and, conversely, slower

and more economical speeds may result in loss of traffic to competing agencies of

transportation which more than offset the operating savings.

It is the opinion of the committee that this subject is one of the most important

confronting railroad management, and that it is so interrelated with the problem of its

concurrent effect on railway operating revenues that it must be given broad consideration.
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No generalized method of determining the actual increase of railway operating expenses

with increasing speeds can be given, but it is believed that the methods set forth in

prev;ous reports of this committee should be of material aid to those making studies of

this character, when applied to specific situations and interpreted in the light of local

operating and traffic conditions.

Report on Assignment 7

Development of Modern Power Units and the Effects on the
Economics of Railway Location and Operation

E. E. Kimball (chairman, subcommittee), L. W. Althof, J. W. Barriger, III, L. E. Dale,

J. A. Erskine, W. B. Irwin, J. B. Mitchell, H. R. Peterson, J. W. Porter, J. A. Schoch,

L. K. Sillcox, H. W. Snyder, H. W. Williams.

This report is presented as information.

The last report on this assignment, Proceedings, Vol. 44, 1943, page 191, was more

or less descriptive of some notable improvements in steam locomotive design and con-

struction and called attention to certain important changes in railway and track facilities

which have gone along with the development of modern units. Tables and charts com-

paring capital expenditures since December 31, 1920 were included to show the magnitude

of some of these investments. Only brief mention was made of a few of the direct finan-

cial benefits resulting from these expenditures because with the data at hand it is im-

possible to define or assign any portion of the large savings to any particular type of

improvement.

A considerable part of the report, particularly the exhibit, was devoted to a discus-

sion of the cumulative effect of these improvements upon freight train performance. It

has been shown theoretically that freight train performance is fundamentally a measure

of traffic capacity. In order to show how closely the theory is borne out in practice a

d scussion. Proceedings, Vol. 44, 1943, page 679, was prepared to call attention to this

fact immediately after 1942 performance figures were available. Undoubtedly the record

breaking performance of 1941 and 1942 will be followed by another record breaking per-

formance in 1943 which will be watched with interest to see if it furnishes further support

for the theory.

Supplementing the records of improvements in facilities and performances discussed

last year it is interesting to refer to other data relating to the use of facilities which may
have a place in post-war plans, particularly as regards locomotive and shop utilization.

Locomotive Utilization

The operating conditions during the period 1938 to 1942 include most of the elements

necessary for a preliminary study of locomotive utilization, that is, the operations vir-

tually amount to a series of tests for determining the maximum use that can be obtained

from locomotives in various services.

For example, Table 1 shows that freight traffic in 1938 was at a low ebb, that it be-

gan to pick up in 1939 and that it has been increasing continuously ever since without a

setback, until it is now about double the volume in 1938.

Table 2 shows that during this period the number of locomotives has actually de-

creased not withstanding the fact that the traffic has practically doubled. In other words,

conditions are gradually approaching the stage when locomotives will be subjected to the
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(text continued from paf,e 32)

The locomotive-hours in the other classifications are not compiled directly. Instead,

an arbitrary method has been adopted for classifying locomotives as defined below, and

it is customary for the railroads to count the locomotives in each classification at the end

of the month and report the results to the ICC.

Assigned locomotives relate to locomotives owned, leased and rented * * *

and should show the assignment of locomotives to classes of service at the end

of the month of the report counted according to type and condition as indicated.

Stored or unserviceable locomotives should be counted in the service in which they

are usually assigned, but retired locomotives held for sale or demolition should not

be counted. Locomotives running partly in more than one class of service should

be counted according to the preponderance of their time in such services through-

out the month of report * * *.

The term stored locomotives means locomotives in serviceable condition and

available for service at the end of the month for which the report is rendered and

which have not been used since the ISth day of that month; it includes locomo-

tives under white lead or otherwise stored.

The term unserviceable locomotives means locomotives awaiting or undergoing

repairs if held more than 24 clock hours on that account and includes unservice-

able stored locomotives.

The cumulative figures shown in the yearly statements represent averages of

the number of units of equipment reported at the close of each month of the

year. The averages are computed for each railway separately and then totaled.

The locomotive hours shown in Tables 3, 4 and 5, with the exception of locomotive

hours in transportation service, represent the number of locomotives in each classification

multiplied by the hours in a year.

Time Charged to Mechanical Department

The difference between non-stored serviceable locomotive-hours and the hours in

transportation service represents the time of active locomotives which is largely taken

up by miscellaneous engine house operations—waiting in line at the ash-pits, etc., or on

ready track waiting to be called. On account of the latter operation, control of the time

in and oiit of engine house does not rest entirely with the mechanical department because

the time on ready tracks depends somewhat upon train schedules which are under the

control of the transportation department. While it is not strictly correct, all of the time

in and out of engine house has been charged to the mechanical department for the sake

of simplicity.

As traffic increases the time locomotives are in the hands of the transportation de-

partment increases, as shown in the tables, which means the time that is left to the

mechanical department decreases as the traffic increases. Also as traffic increases locomo-

tives require more attention, therefore it is necessary for the mechanical department to

perform more work as traffic increases. Consequently with the mechanical department the

difficulties are cumulative because it is not only necessary to do more work but also to

do it in less time.

Naturally a balance will be reached when the time available for doing the work is

just sufficient for its performance. Under this condition the time locomotives can be kept

in the hands of the transportation department will be a maximum and will depend upon

shop and engine house performance.
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Shop and Engine House Utilization

Shop and engine house performance, or the time the mechanical department needs to

perform the required functions, depends upon the capacity, that is, the adequacy of the

layout and the ability of the equipment to function properly. If the mechanical facilities

are limited, locomotive utilization may also be limited by reason of this fact. However, if

the capacity of the mechanical facilities is more than ample it will still be necessary to

keep locomotives out of service part of the time for inspection or overhauling. This time

is somewhat affected by the design and accessibility of parts and also by the durability

of materials used in modern locomotive construction.

Therefore in practice the maximum time locomotives can be kept in service depends

upon so many variables that it can only be determined experimentally when conditions

are suitable, or by experience.

In this connection it is interesting to note by referring to the tables and charts that

conditions have been gradually approaching the point when maximum use of locomotives

has been reached. For example it will be noted that the stored or spare locomotives have

been practically absorbed, and that the number of locomotives which was declining up

to 1940 has begun to increase.

On the basis of 1942 statistics it would appear that freight locomotives are subject to

maximum utilization about 40 percent of the time, passenger locomotives about 30 per-

cent and switching locomotives about 45 percent of the time. It can be expected that

these percentages will vary on different railroads and with different types of motive power.

The distinction between freight, passenger and switching locomotives is more or less

indefinite, that is, the classification shown in Table 2 is based on the judgment of indi-

vidual carriers, whereas the classification of assigned locomotives shown in the other

tables is based on the preponderance of the service performed by individual locomotives,

as previously explained. Thus the distribution of locomotive hours between the various

services will depend upon which classification is selected as a basis but the distribution

of the time in service, namely, the crew hours is definite and independent of any locomo-

tive classification.

It is doubtful whether the distribution of locomotive-hours between the time in and

out of the engine house and the time that locomotives are considered unserviceable has

any real significance as regards the time spent in the engine house versus the time spent

in the shop. Apparently the time in and out of the engine house increases when the

time in transportation service increases, which may be due to the fact that with more

locomotives to handle more delays will be encountered or it may be due in part to faults

in the method of compiling the data. For example if the number of unserviceable loco-

motives is underestimated the effect will be to increase the time in and out of the engine

house.

The chief reason why it has been possible to obtain more intensive use of locomo-

tives is that they have been kept out of service a smaller proportion of the time due to

the fact that the work has been expedited by increasing shop and engine house forces,

adding extra shifts, etc., in order to obtain greater use out of shop facilities.
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Report on Assignment 10

Economics of Reduction in Rate of Curvature on Existing Lines

J. A. Erskine (chairman, subcommittee), E. G. Allen, C. H. Blackman, V. T. Boughton,
C. W. Breed, P. D. Coons, Miss Olive W. Dennis, F. W. Droste, J. M. Farrin, J. R.
Nagel, J. W. Porter, J. F. Pringle, R. W. Rogers, H. M. Shepard, W. D. Wiggins.

This is a final report submitted as information.

The purpose of this report is to provide an outline of procedure for evaluating certain

of the advantages which result from reductions in the rate or degree of curvature of curves

on existing lines.

The objectives generally sought through a reduction in the rate of curvature may
be summarized as follows:

1. Increased speed at which trains may be operated over the curve, in order to

achieve faster schedules.

2. Increased riding comfort for passengers.

3. Operating savings through increased fuel economy, and reduction in the wear

of rail, brakes, wheel flanges, etc.

4. Increased speed at which trains may be operated over the curve, for the purpose

of conserving or accumulating momentum, so that trains of heavier tonnage

can be operated up a ruUng grade on or at some point beyond the curve.

Usually, in the case of any particular curve revision project, one objective predomi-

nates, and the revised line is operated in that way which will bring results which most

nearly attain that objective. Therefore, this proposed method of operation must be used

as the basis in evaluating each of the other results of the revision. For example, if, after

the degree of a curve has been reduced, trains are operated over it at much higher

speeds than formerly, it must be expected that this increase in speed will somewhat

offset the operating savings that would be secured if a lower speed were maintained.

The principal features of each of the above listed objectives of rate-of-curve reduc-

tion are discussed below.

1. Faster Schedules

Reduction in the rate of curvature is probably undertaken more often for the pur-

pose of making faster schedules possible than for any other reason. This has resulted

naturally, in recent years, from the increasing emphasis on fast freight schedules, and

the widespread introduction of high speed passenger trains which, to be effectively used,

must be matched with high speed track.

The advantages of faster schedules, both passenger and freight, are unquestionably

great from the standpoint of increased revenues and improved competitive status. In

order to enable traffic department officers to evaluate these advantages for proposed

curve re\'isions, the engineer must make an accurate determination of the saving in

running time which will be secured. This can best be done by plotting a velocity profile

by the method described in the Proceedings, Vol. 44, 1943, page 182.* This method is

applicable to both passenger and freight trains, and takes into account the characteristics

of the motive power, and the weight and type of trains involved.

See also AREA Manual, p. 16-53.
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The saving in running time obtained by a reduction in the degree of a curve, of

course, varies widely according to the particular features of the project; however, it

should be remembered that, from the standpoint of schedule improvement, a curve

reduction which effects a saving of only one minute in the running time of a high speed

passenger train, is equivalent to a reduction of more than a mile of distance.

2. Increased Comfort for Passengers

Sharp curvature is objectionable from the standpoint of passenger comfort because

of several disagreeable effects that it has on the movement of the train.

In entering a curve, there is often a lurch as the car trucks adjust themselves from

the tangential to a radial position, and the outer wheels acquire the superelevation of

the curve. This effect is, of course, minimized by adequate spirals, which, according to

AREA recommendations, should be long enough to limit the rate of increase of super-

elevation to not more than 1.2S in. per sec. for the fastest train speed involved. For

many years railroad curves were located with no provision for spirals, and because of

the physical limitations of bridges, etc., it is often impracticable to throw the track

sufficiently to introduce transition curves of proper length.

Other effects noticeable to passengers on trains traversing a curve are the slope of

the car caused by the superelevation, and the centrifugal force. The ideal situation pro-

duces a condition of equilibrium between the centrifugal force and the superelevation;

however, the actual superelevation provided must usually be a compromise resulting

from the difference between passenger and freight train speeds. Passenger trains there-

fore operate above the equilibrium speed, with the result that there is more or less

unbalanced force. On the other hand, when it becomes necessary to slow down or stop

on the curve, the slope toward the lower rail is very pronounced. Even when the equi-

librium speed is maintained, a person walking in the train, or holding an object, must

compensate for the centrifugal force. This is observable in the angle at which dining car

waiters hold their trays while trains are rounding curves; but passengers are often less

expert, with unfortunate results.

In addition to the above effects, sharp curvature detracts from the riding qualities

of a I'ne by necessitating reduction in speed. Especially when brakes are used, in order

to make the best possible time between curves, the alternate deceleration and acceleration

is disturbing to passengers. These effects are proportional to the degree of curvature,

and to the square of the speed. When speeds are raised to improve schedules, and super-

elevation made higher to preserve safety of operation, they become increasingly

important.

The value of passenger comfort is an indeterminate factor, but it is no doubt con-

siderable, especially when that feature of train travel is stressed in a railroad's

advertising.

3. Operating Savings

In the Proceedings, Vol. 39, 1938, page S18, there was published a method for

determining the values of rise and fall, distance, and curvature in minor line and grade

revisions on operated railways. Applied to rate-of-curve revisions, the method calls for

the following procedure:

(A) Establish a base period of normal operating expenses, from which the unit

cost of the various items of expense can be developed.

(B) Adopt the unit of 1,000 gross ton-miles for all items of expense affected,

except wages of crew and fuel. For these two items use the train-hour as

the unit.
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(C) Develop the cost per unit by primary accounts for maintenance of way and

structures, maintenance of equipment, and transportation.

(D) Develop the percent affected for each item for curves of the several degrees

involved.

(E) Develop the cost per unit affected for curves of the several degrees involved.

For the purpose of solving problems involving reduction in rate of curvature, only

those items affected by curvature need be considered.

Table 1 lists these items, together with representative unit costs, and the percentages

appHcable to various dfegrees of curvature. These figures are extended for an example

wherein a 10-deg. curve is reduced to a 1-deg. 30-min. curve, the central angle being

30 deg. This change is of somewhat greater magnitude than is ordinarily found in

projects for reductions in rate of curvature, and it is intended merely to provide a pro-

nounced illustration of the effect on costs of operation.

Table 1 is based on freight traffic only; however, if the traffic warranted doing so,

a similar table could be set up for passenger traffic.

The items included in Table 1 are those to which the unit of 1,000 gross ton-miles

is applicable. Thus, savings in crew wages, and fuel, are not included, as these are

dependent on saving in time, and should be computed separately on that basis. To do

th's the reduction in running time would be computed by the velocity profile method,

heretofore referred to. Savings in wages of the crew would be obtained only for those

trains which had overtime schedules, and the saving would be directly proportional to

the reduction in such overtime.

Fuel consumption is a function of two factors, one being the amount of energy

expended in overcoming train resistance, and the other the heat losses that depend on

the length of time the locomotive is under steam. Train resistance caused by curvature

has been found to be approximately proportional to the degree of curvature. As the

length of a curve varies inversely as the degree, it will be seen that the total energy

expended in overcoming the resistance of a curve remains the same regardless of the

degree. However, some saving in fuel should result from those factors of fuel consump-

tion which depend on the factor of time. This saving may be estimated as one-half the

saving in time (expressed in hours) multiplied by the per-hour unit cost of fuel for each

class of train considered.

In addition to the savings which have been discussed above, rate-of-curve reductions

produce a slight advantage in distance. For example if, as in the illustration above, a

10-deg. curve with 30 deg. of central angle is reduced to a 1-deg. 30-min. curve, about

40 ft. of distance is eliminated. This length is small for any single curve, but where a

cons-iderable number of rate-of-curve improvements are made on one line, the cumulative

saving in distance would be of significant value.

It will be seen in the example in Table 1 that the operating saving amounts to only

$165.27 annually. Ordinarily, this saving would not be greatly increased if the items of

wages and fuel were included. The difficulty, of course, lies in the increase in the length

of the curve as the degree of curvature is reduced.

4. Heavier Tonnage

Speed restricting curves are often situated on or near ruling grades. By reducing the

degree of such a curve, it is sometimes possible to increase the permissible speed of trains

sufficiently to operate that part of the line as a momentum grade, with a resultant

increase in the maximum tonnage of freight trains.
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Table 2.

—

Example of Savings Produced By Reduction in Number of Freight
Trains as Result of a Rate-of-Curve Reduction at a Ruling Grade

Assumptions:

Gross tons moving annually over line (thousands) 7, 300
Length of district affected (miles ) 105
Gross ton-miles annually (thousands)—7,300 X 105 766,500

. Maximum train tonnage prior to curve reduction 4, 300
Maximum train tonnage after curve reduction 5, 000
Number of freight trains required annually prior to curve reduction

(from count for representative period) 2,190
Estimated number of freight trains that would be eliminated annually
by curve reduction . 104

Percentage reduction in number of freight trains 104 -f- 2,190X 100 4.7

Costs per 1,000 gross ton-miles are from the records of a certain Class I railroad for

the year 1929.

Computation of Savings

(/)

Acct.

No.
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To determine what economies may be secured by a curve revision of this kind, a

detailed study must be made of the movement of traffic over the existing line, as com-

pared to the operation which would be possible with the revised line. To do this, a period

should be selected which is representative of present operation, with respect to volume

and nature of traffic. The train sheets for this period should then be examined, and a
tabulation made, including the direction, tonnage, and time of movement of each freight

train, and the total train-miles run for the subdivision affected.

Meanwhile, velocity profiles for the line, as it is proposed to be when revised, should

be constructed, showing what increase in tonnage would be possible, and the time re-

quired for trains of that tonnage to operate over the subdivision. With this information,

and the assistance of operating men familiar with the territory, it is possible to set up a

comparative schedule of operation, covering the same period as was studied for actual

operation, but based on the possibilities of the proposed line. An estimate can then be

made of the number of freight trains that would be eliminated, and the percentage

reduction in train-miles that would result.

Also, it is necessary to develop the unit cost per 1,000 gross ton-miles, for those items

of expense that are affected by reduced train mileage. The saving in each of these items

of expense can then be estimated on the basis of the percentage reduction in train mileage,

and these savings multiplied by the annual traffic, expressed in thousands of gross ton-

miles, give the annual saving.

Table 2 is an example of the computation of savings for a curve improvement of

this kind. It will be noted in this example, that whereas the reduction in train mileage

is assumed to be 4.7 percent, the savings in the various items of expense are estimated

at somewhat smaller percentages. This difference is introduced to take account of the

fact that with increased average train load, there is some increase in fuel consumption

and in repair costs per locomotive-mile. There is also the possibility that with heavier

trains, more overtime will occur, so that crew wages will not be reduced quite in pro-

portion to the saving in train mileage. The selection of the percentage savings to be

applied to each of the various accounts must depend upon the consideration of all of the

factors involved in each particular case.

A curve revision which increases the tonnage rating of a line has the same effect as

a grade reduction, and as shown by the example, the savings secured may be considerable.

Conclusions

1. Faster schedules, improved riding qualities, and safety are generally the principal

benefits of curve rate reduction. The money value thereof is usually indeterminate, but

it may be large for lines on which high speed trains are necessary or desirable.

2. Curve rate reductions which do not increase train tonnage produce relatively

small savings in operating expense. These savings may be estimated by the method illus-

trated in Table 1. In such cases the objective probably is not operation at lower cost,

but rather the production of faster and better service for the acquisition, retention, and

enlargement of net revenue.

3. Alinement situations may exist where curve rate reductions could be so located

that train tonnage would be increased, and substantial savings in operating expense

thereby secured. These savings may be estimated by the method used in Table 2.

4. Frequently, justification of curve rate reduction must rest upon considerations

other than the cost of the change as compared with the operating savings resulting

therefrom. In these situations, the necessities of competitive conditions may dictate

improvement of the physical characteristics of a line for the purpose of holding or

increasing patronage.
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B. W. DeGeer, Chairman, A. W. Johnson E. M. Grime, Vice-
R. C. Bardwell H. F. King Chairman,
W. M. Barr C. R. Knowles A. B. Pierce
W. E. BiCKEL H. M. Laudemann S. E. Printz
C. W. Brown, Jr. J. J. Laudig W. A. Radspinner
I. C. Brown W. B. Leaf O. T. Rees
C. B. Bryant O. E. Mace H. M. Schudlich
R. W. Chorley G. E. Martin R. W. Senitf
R. E. Coughxan Ray McBrian H. E. Silcox
W. L. Curtiss W. a. McGee R. M. Stimmel
J. H. Davidson H. L. McMullin T. A. Tennyson, Jr.
C. H. Edwards G. F. Metzdorf J. E. Tiedt
P. W. Elmore R. H. Miller C. P. Van Gundy
R. N. Foster E. R. Morris H. W. Van Hovenberg
J. P. Hanley Theodore Morris R. E. Wachter
C. K. Hoffmeister M. F. Neuzil K. J. Weir
*R. L. Holmes Committee

* Died April 26, 1943.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Progress report, including recommended revisions page 47

2. Cause of and remedy for pitting and corrosion of locomotive boiler tubes and sheets,

with special reference to status of embrittlement investigations.

Progress report, presented as information page 47

3. Progress being made by federal or state authorities on regulations pertaining to rail-

way sanitation, collaborating with Joint Committee on Railway Sanitation, AAR.

Progress report, presented as information page 48

4. The principal current activities of the Fire Protection and Insurance Section, AAR.

Progress report, presented as information page 50

5. Use of electrophotometric methods for analysis of raw, treated and boiler waters,

boiler scaJe and boiler sludge.

Final report, presented as information page 52

6. Methods used to determine the existence of electrolysis attacking underground pipe

lines, including well casings, and methods of prevention, collaborating with Electrical

Section, Engineering Division, AAR.

No report.

7. Wayside method of boiler water treatment, with description of chemical feeding

equipment, etc.

Final report, presented as information page 53

AREA Bulletin 441, November 1943.

4S
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8. Mechanics of foaming and carry-over in locomotive boilers.

Progress report, presented as information page 58

9. High speed watering facilities for streamline trains, collaborating with Committee 14

—Yards and Terminals.

No report.

10. Continue the study of means for conserving labor and materials, including the adap-

tation of substitute non-critical materials, advising the secretary currently of recom-

mendations that merit emergency adoption and prompt publication.

Final report, presented as information page 64

The Committee on Water Service, Fire

Protection and Sanitation,

B. W. DeGeer, Chairman.

3l^obert ILt^iit ^olmta

The committee expresses its profound sorrow at the passing on April 26, 1943 of an

esteemed member, Robert Leslie Holmes.

Mr. Holmes joined the AREA in 1916, being appointed a member of this committee

in 1920 and serving thereon with distinction until the time of his death. His railroad

career covered a period of 43 years, during all of which he was in the service of the

Texas & Pacific Railway. He entered the employ of that property in March 1900 as a

chainman, being advanced through various positions including those of division engineer

and assistant chief engineer, and in 1916 was appointed engineer water supply, in which

capacity he continued to serve until the end.

He entered into the duties of this position upon the inception of a program for the

modernization and reconstruction of the railroad's entire water supply system including

both the producing and treating facilities and he assumed the responsibilities involved

with the energy and thoroughness that characterized his entire service as a railway

engineer. Among his outstanding achievements was the selection of the site for a large

storage reservoir in the Davis mountains of Texas and the design and construction which

this project involved, including the installation of a 37-mile pipe line. He was also respon-

sible for the development of the fuel oil facilities of the Texas & Pacific when that

railway changed from coal to oil as locomotive fuel in 1920.

In addition to his duties in the field of water supply, Mr. Holmes was responsible

also for river bank protection work of the railroad and attained such outstanding success

in this field that his pre-eminence was widely recognized and his counsel was frequently

sought. His outstanding qualities of leadership, demonstrated in rescue work during the

devastating floods of 1927, brought to him recognition from the AREA in the presenta-

tion of a scroll setting forth the distinguished and meritorious service which he rendered

on that occasion.

Robert Leslie Holmes was born on September 8, 1880 at Clinton, La., where he

received his early education. His engineering training was obtained in the "school of

hard knocks", supplemented by correspondence instruction. He is survived by two

daughters, Shirley (Mrs. K. W. Kruger) and Edith, and a son, Robert Leslie, Jr.

His diversified activities brought him a wide acquaintance and unnumbered loyal

friends. He was by nature kindly and genial, and courteous in his bearing always. He

inspired the affection of those whose efforts he directed, the admiration and respect of

co-workers, the full confidence of superiors and the love of all. He will be missed.
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Report on Assignment 1

Revision of Manual

E. M. Grime (chairman, subcommittee), W. M. Barr, C. W. Brown, Jr., C. B. Bryant,
A. W. Johnson, H. F. King, H. L. McMulhn, R. H. Miller, Theodore Morris, H. E.
Silcox, R. E. Wachter, K. J. Weir.

This year your committee presents two definitions to be placed in the Glossary,

corrections in the titles as well as additional notes to clarify the plans for 100,000-gal.

capacity wood water tanks, and also a revision in the specifications for welded steel tanks.

The following changes are recommended for adoption and publication in the Manual:

Page 13-35

Add a footnote—Base plate may be fastened to post by welding.

Page 13-38.1

Omit section 102 under specifications for welded steel tanks but add in the Glossary

the following definitions:

Reservoir.—A facility for storing or impounding for use as needed, water, oil or any

other fluid.

Elevated Tank.—A storage tank supported on a tower.

Report on Assignment 2

Cause of and Remedy for Pitting and Corrosion of Locomotive

Boiler Tubes and Sheets, with Special Reference to

Status of Embrittlement Investigation

R. E. Coughlan (chairman, subcommittee) , R. C. Bardwell, W. M. Barr, R. W. Chorley,

W. L. Curtiss, J. H. Davidson, R. N. Foster, E. M. Grime, R. L. Holmes, C. R.
Knowles, H. M. Laudemann, J. J. Laudig, Rav McBrian, R. H. Miller, Theodore
Morris, A. B. Pierce, O. T. Rees, R. W. Seniff,' R. M. Stimmel, J. E. Tiedt, C. P.

Van Gundy.

This is a progress report, presented as information.

During the past year owing to the volume of other work due to the war emergency,

little progress can be reported on the study of embrittlement. The methods for the pre-

vention of embrittlement developed and reported during the past several years by your

committee continue to show very satisfactory results. This is particularly true of the use

of sodium nitrate on several of the eastern railroads, which report excellent results.

During the past year there has been considerable discussion of the substitution of

welding for riveting in the construction of locomotive boilers, and this subject is now
under joint investigation with the Interstate Commerce Commission, Bureau of Loco-

motive Inspection. The danger of embrittlement will be practically eliminated if the

Bureau of Locomotive Inspection approves the use of completely welded locomotive

boilers.

There is nothing of importance to report on the research work at the United States

Bureau of Mines on the subject of embrittlement.

The various tests on the use of alloy steel as compared with carbon steel for boiler

shells is still in the experimental stage so that conclusive information is as yet not

available.
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Report on Assignment 3

Progress Being Made by Federal or State Authorities on
Regulations Pertaining to Railway Sanitation

Collaborating with Joint Committee on Railway Sanitation, AAR

H. W. Van Hovenberg (chairman, subcommittee), R. C. Bardwell*, W. E. Bickel, C. B.
Bryant, R. E. Coughlan, J. H. Davidson, J. P. Hanley, A. W. Johnson, O. E. Mace,
W. A. McGee, G. F. Metzdorf, E. R. Morris, M. F. Neuzil, A. B. Pierce, W. A.
Radspinner, O. T. Rees, H. E. Silcox, C. P. Van Gundy, R. E. Wachter, K. J. Weir.

•Acting chairman.

This is a progress report submitted as information.

The activities in connection with regulations pertaining to railway sanitation during

the past year were confined largely to the consideration of the new regulations of the

United States Public Health Service on Drinking Water Standards and the Sanitation

Manual for Land and Air Conveyances Operating in Interstate Traffic. The text of these

regulations is substantially as outlined in the report of your committee appearing in

Bulletin 434 and Proceedings, Vol. 44, 1943, pages 149 to 153, inclusive.

1, Drinking Water Standards

The new regulations are pubUshed in bulletin form under the title of Public Health

Service Drinking Water Standards and Manual of Recommended Water Sanitation Prac-

tice as reprint No. 2440 from the Public Health Reports, Vol. 58, No. 3, January 15,

1943, pages 69-111, and can be obtained from the Superintendent of Documents, U. S.

Government Printing Office, Washington, D.C., price ten cents. The adoption statement

is as follows:

United States Public Health Service

Washington, D.C., September 25, 1942

The Public Health Service hereby adopts the standards of purity for drinking

water recommended by the Advisory Committee on Revision of the 1925 Drinking

Water Standards, appointed by the Surgeon General in February 1941.

These standards are adopted for use in the administration of the Interstate

Quarantine Regulations as they relate to the drinking and culinary water supphed

by common carriers in interstate commerce. The manual of recommended water

sanitation practice is intended to serve as a guide to the reporting agency and not

as a part of the official standards which must be complied with to obtain certifi-

cation of the water supply.

In the future common carriers will be required to furnish drinking and culi-

nary water for passengers and crews in interstate traffic which will conform to

these standards.

Thomas Parran

Surgeon General, United States

Public Health Service.

Approved: December 3, 1942.

Watson B. Miller

Acting Administrator, Federal Security Agency.
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It is noted that there is no direct requirement in the Interstate Quarantine Regula-

tions to the effect that drinking or culinary water must be furnished for passengers and

crews in interstate traffic, which may raise a cjuestion as to the legality of the last

sentence in this adoption statement as worded. However, where drinking or culinary

water is furnished, it must be "from a source which is approved by the Surgeon General

of the United States Public Health Service as producing water of satisfactory sanitary

quality and safety", which means that it must comply with the revised Drinking Water

Standards in order to obtain certification.

The new standards are of more concern to municipalities and state health depart-

ments than to the railroads, as water taken for drinking purposes on cars in railroad

service is obtained from city supplies at the majority of the points, and, in any event,

the bacteriological and chemical tests must be checked by the state health departments.

In v'ew of the larger amount of work involved by the greatly increased number of

samples required for examination, the question has been raised as to whether the require-

ments of the new standards can be followed literally during the present war emergency

with the restricted personnel and facilities available in the state laboratories where the

checks are made for recommendation as to certification. However, assurance has been

given that this detail will not hold up certification, at least for the duration.

2. Sanitation Manual for Land and Air Conveyances in Interstate Traffic

The new sanitation manual is published in bulletin form under the title of Sanitation

Manual for Land and Air Conveyances Operating in Interstate Traffic as reprint No.

2444, from the Public Health Reports, Vol. 58, No. 5, January 29, 1943, pages 157-193,

and can be obtained from the Superintendent of Documents, U. S. Government Printing

Office, Washington, D.C., price 10 cents. The adoption and promulgation statement is as

follows:

United States Public Health Service

Washington, D.C., October 2, 1942.

The Public Health Service hereby adopts and promulgates this Sanitation

Manual for Land and Air Conveyances Operating in Interstate Traffic.

This manual is intended for use in the administration of the interstate quar-

antine regulations as they relate to sanitation of water supplies, milk and milk

products, excreta disposal, garbage and refuse disposal, and other items of sani-

tation.

Thomas Parran

Surgeon General, United States

Public Health Service.

Approved: December 3, 1942.

Watson B. Miller

Acting Administrator, Federal Security Agency.

An abstract of the features in this manual coming under the jurisdiction of railroad

engineering and maintenance departments, was outlined on pages 151-153 of Bulletin 434

and Proceedings Vol. 44, 1943. As stated in the foreword, "application will vary according

to the circumstances incident to the current war emergency", and changes which may be

called for in this manual have been held in abeyance due to difficulty in obtaining the

necessary material, which is all in the "critical" class, and shortage in personnel.

Request has been made on the Association of American Railroads by the Surgeon

General of the United States Public Health Service, to inaugurate a research program

which would involve the assignment of a small but properly staffed force to review,
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study and experiment with possible methods of excreta disposal from railroad convey-

ances. The present methods of excreta disposal at terminals and yards and along railroad

rights-of-way is considered particularly objectionable by the officials of the U. S. Public

Health Service and they have referred to paragraph 2 of Item 5 on page 8 of the manual

which summarizes their objections as follows:

It is believed that the ultimate solution of this problem will be the discharge

of all fecal wastes from the conveyance to a tank or tanks under the body of the

conveyance and disposal of these wastes from such tanks to sewer system inlets

in a sanitary manner. While there are many difficulties and technical problems

involved in the development of such procedures, the carrier and other agencies

concerned should endeavor to work for this goal by experimental installations and

an engineering study of the problems.

This was referred to the Joint Committee on Railway Sanitation which outlined the

various factors involved in the problem, such as the 30,000 railway cars involved; types

of installation, including retention tanks, septic tanks, incineration, sterilization, deodoriz-

ing, and anti-freezing devices; space limitations under cars; and disposal facilities at

terminals. The committee recommended that a qualified engineer be assigned to full time

research investigation with the following initial program:

1. Make a review of the experiments and studies that have been made to date.

2. Obtain from the United States Public Health Service any suggestions or

information it may have in regard to the proposal.

3. Conduct tests to determine the results on roadway of excreta discharged

from hoppers at varying speed.

4. Review the patent situation for possible devices or methods that may be

applicable.

5. Institute a study of the disposal of excreta possibly by chemical, thermal,

or mechanical means.

6. Interpret these findings into feasible and practical application to cars.

7. Disposal of waste from retention tanks at terminals in suitable and sanitary

manner.

This project and program was referred to and later endorsed by the Engineering,

Mechanical and Transportation Division, AAR. The investigation will undoubtedly be

rather extensive and as it will be concerned in the beginning and for some time exclusively

with those phases of the problem relating to passenger train cars, it was the conclusion of

the Engineering Division that the Mechanical Division must of necessity assume leader-

ship in the work.

Report on Assignment 4

The Principal Current Activities o£ the Fire Protection and

Insurance Section, AAR
W. A. Radspinner (chairman, subcommittee), H. F. King, G. F. Metzdorf.

This is a progress report presented as information.

The 1943 annual meeting of the Fire Protection and Insurance Section was canceled.

However, meetings of the eastern regional members and of the Committee of Direction

continue for the discussion of current hazards involving war materials, both in trans-

portation and storage.
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Because the federal government has constantly urged speed in production and trans-

portation, there is a greater tendency for people to take chances in handling materials

and equipment which, no doubt, has been the cause of accidents, and these in turn have

started serious fires. Railroad fire prevention and insurance statistics show that wrecks

caused the greatest amount of fire loss for 1942. There were 117 fires in wrecks for a

total loss of $1,298,627, which amounted to 22.46 percent of all fire losses and repre-

sented a 242 percent increase in property loss over the previous year. Apparently the

losses from that source for 1943 will exceed those in 1942, in spite of increased efforts

to prevent fires.

When the burden of moving petroleum from the oil fields to the refineries and of

distributing the refined products to our armed forces was imposed on the railroads, it

carried with it a serious fire hazard since the fire loss in material and equipment in one

wreck can run into large figures. To guard against such fires some of the railroads are

providing fire cars equipped with water storage tanks, pumps and other fire fighting

equipment, and will place them at strategic points where they can be quickly dispatched

to the scene of a wreck in which there is a fire or a serious threat of fire.

In this connection it should be brought to the attention of every railroad employee

responsible for handling petroleum and other flammable liquids over railroads, that he

should very carefully read Bureau of Explosives Pamphlet No. 22, revised April 1942,

on Handling Collisions and Derailments involving Explosives, Gasoline and Dangerous

Articles. Copies of this pamphlet may be obtained from the Bureau of Explosives, AAR,

30 Vesey Street, New York, 7, N. Y.

The development of a low pressure fog nozzle by protective agencies and manufac-

turers has made available a very economical and effective method of fighting oil fires.

The Navy has developed this method to a high degree of efficiency and uses it exten-

sively in training schools and for the protection of ships. Railroads having marine ter-

minals are being assisted in protecting their property by coast guardsmen who have been

trained in fire fighting schools. These coast guardsmen have authority over all govern-

ment agencies in matters pertaining to fire protection at piers and marine terminals and

are a real help in that connection.

Committee 6—Buildings is now engaged in the study of an assignment designated

as Fire-resistant wood for railway buildings, in which members of the Committees on

Water Service and Wood Preservation are collaborating. This study will have a far-

reaching effect in the construction of railway buildings.

In view of the circumstances attending the destruction of the interlocking tower at

the Union Station in St. Louis, Mo., and the recent burning of the New York Central

roundhouse at Bellefontaine, Ohio, it is apparent that insurance does not cover all the

loss caused by a big fire. The delays to traffic which may result from the destruction of

a building, when expressed in terms of increased operating expenses, will exceed many

times the added cost of fire-resistive construction.

The delays to the war effort and the destruction of material in storage or being

prepared for our armed forces has made this country more fire conscious than it has

ever been before. The railroad fire protection agencies have been educating the employees

for many years on the fire hazards they face and in the be.st methods of fire protection.

Those railroads that do not have full time fire protection departments are invited to

consider the benefits to be derived therefrom.

The fact that the railroads must use hazardous materials and also handle them in

transportation justifies the employment of an officer who can recommend promptly the
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best and safest methods of dealing with such materials. He must have a knowledge of

electricity, chemistry and fire fighting equipment. He should be familiar with the various

fire protection codes and the materials approved by the Underwriters' Laboratories.

Last, he should be the kind of a man who, when he knows he is right, "can disagree

without being disagreeable".

Report on Assignment 5

Use of Electrophotometric Methods for Analysis of Raw, Treated

and Boiler Waters, Boiler Scale and Boiler Sludge

H. M. Laudemann (chairman, subcommittee), W. M. Barr, C. W. Brown, Jr., L C.

Brown, R. E. Coughlan, C. H. Edwards, R. N. Foster, J. P. Hanley, C. K. Hoff-

meister, J. J. Laudig, O. E. Mace, Ray McBrian, H. L. McMullin, R. H. Miller,

H. M. Schudlich, R. W. Seniff, R. M. Stimmel.

This report is submitted as information.

Electrophotometric methods of analysis involve the use of electrophotometric instru-

ments designed to measure the amount of light transmitted, under controlled conditions,

through either colored or turbid solutions prepared for the purpose in accordance with

colorimetric or nephelometric methods of analysis. Such instruments can be calibrated

to known reference samples and from these curves, which are permanent standards,

definite values for unknown substances may be obtained. The substitution of an electro-

photometer for a visual colorimeter eliminates the human factor, due to poor vision or

eye strain, and will give reproducible values by different operators. A very complete

description of this process is given in Photoelectric Methods in Analytical Chemistry by

Dr. Ralph H. Miiller, Industrial Engineering Chemistry, Analytical Edition, Volume 11,

pages 1-17, January 15, 1939.

There are a number of different kinds of electrophotometers that can be classified

as follows:

1. Single-Cell Barrier-Layer Type.—Uses a single photocell of the self-generating

type to measure the intensity of semimonochromatic light. This style instrument is lim-

ited in selectivity of filters, as rather strong light intensities are required.

2. Single-Cell Emissive Type.—Uses a phototube, usually with amplification. This

type has not been commerciaHzed due to some objections to the rather complicated

phototube amplifier combination. Recent developments in electronic stabilization of light

sources, inverse feed-back amplifiers and multiplier-type phototubes give promise of new

designs for this style instrument that undoubtedly will find favor in analytical chemistry.

3. Two-Cell Type.—May have either the Barrier-Layer or phototube cells; the latter

may or may not use amplification. The designs of these electrophotometers have been

developed to give a high degree of selectivity in light filters, so as to approximate mono-

chromatic light. They may use a light diffraction grating, color filters, or a combination

of both, so as to work with a narrow light band in that spectral region most suited for

the colored solution under examination. For turbid solutions no great care need be

observed in selecting a particular light band. However, for refined measurements in color

intensities, it is necessary to select the filter or grating setting that will give the,highest

transmission in the spectral region where the substance being examined exhibits maximum

absorption. A spectrophotometric curve of the colored system to be tested will indicate

the maximum absorption for that color. If this information is not available, it is possible
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to select a suitable filter by using the filter from the series on hand which gives the

greatest variation in transmission readings between two different concentrations of the

colored solution to be tested.

In recent years a great many investigators have shown much interest in electro-

photometric analysis. Judging from the voluminous number of papers published in the

technical journals on this subject in the last five years, one might believe that such

methods could be readily adapted to all substances found in a natural or chemically

treated water. After a careful study of these methods, it becomes apparent that continued

research on both chemical procedures and instrument design will be required before it

will be possible to outline rapid and suitable standardized methods for all the substances

that might interest the water chemist.

One difficulty encountered is that some manufacturers of electrophotometric equip-

ment sacrifice adaptability to a variety of analyses for simplicity in design and economy.

Such instruments are intended for certain specific analyses. Even if limited in scope,

they do have a definite and important place in the analytical laboratory. These instru-

ments under certain conditions have been found satisfactory for the determinations of

soluble silica, iron, alumina, phosphates, sulfates, tannins and pH. Also fair success can

be obtained in the analysis for calcium. Methods that have been proposed in the literature

for magnesium, sodium, potassium, nitrates, fluorides and free chlorine require the use of

specific narrow light bands, which can only be obtained at the present time with the

more elaborate electrophotometers.

After due consideration of the present state of development in electrophotometric

methods for the analysis of water, your committee does not consider it desirable to pre-

sent an outline detailing the various procedures, which vary with the type of apparatus

furnished by different manufacturers. For those desiring to experiment with these methods

of analysis, it is recommended that the procedures and detailed instructions furnished by

the manufacturer of the instrument in use be followed carefully.

Report on Assignment 7

Wayside Method of Boiler Water Treatment With Description of

Chemical Feeding Equipment, Etc.

K. J. Weir (chairman, subcommittee), W. E. Bickel, C. W. Brown, Jr., E. M. Grime,

C. R. Knowles, W. B. Leaf, M. F. Neuzil, S. E. Printz, H. M. Schudlich, R. W.
Seniff, R. M. Stimmel.

This report is offered as information.

Webster defines "wayside" as "the edge or border of the way or path". A literal

interpretation of this, as applied to water treatment on railroads, would include all types

of treating or softening processes. Being a misnomer, "wayside" in the full sense of the

word does not apply to any particular treating process, but is generally accepted to

indicate several types of partial or incomplete treatment for locomotive boiler feed water

supphes, the most extensive apphcation being for the conversion of non-carbonate scale

forming minerals to non-scale forming matter.

The direct application of soda ash in locomotive tenders could be called the fore-

runner of these types of treatment, but this method in its early days was haphazard and

inaccurate. Later when study and experiment determined the chemical dosages necessary

to overcome certain water impurities, feeding equipment was produced to proportion
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correct quantities of chemical solutions and to introduce them as required to water

being delivered into storage or track tanks, rather than in the locomotive tenders. From
this early start, developments in chemical compounds and types of feeding equipment

have progressed extensively.

Three General Methods

The methods of applying chemicals for "wayside" treatment in popular use today

may be grouped in three general classifications:

1. Direct application to locomotive tenders.

2. By-pass chemical feeders.

3. Chemical solution feeders.

In the direct application of chemicals to locomotive tenders, correct chemical dosages

depend solely on the judgment of the person introducing the compounds in the tender

when it is filled with water. Usually this is done by the fireman or engine hostler, neither

of whom normally appreciates the necessity of accurate proportioning as between the

Fig. 1.—Ball Feeder Installation.

water and the chemicals. This method of treatment is rapidly being replaced by other

more accurate methods, although it does have the advantage of economy, particularly

on branch lines where water consumption is low. In these instances, the installation of

permanent treating plant facilities, with requisite attendance would make the cost of

treatment prohibitive. This method requires constant policing and supervision to obtain

proper results.

A by-pass feeder consists of a small chemical drum, through which a portion di the

water being introduced to the storage tank is diverted to pick up or absorb sufficient

chemicals for treating the entire quantity of water in the storage tank. The chemicals
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used are usually compressed in dry balls or bricks for ease in handling and uniformity

in rate of solution, the proper number being applied to the chemical tank at specific

intervals to treat a predetermined quantity of water normally expected to be consumed

during the period before the next application is made.

Unless the quantities of water used by locomotives are uniform between periods of

charging the chemical tank, over-treatment or under-treatment will result. Proper treat-

ment is difficult to control due to dependence on adjustment of the by-pass valve open-

ings and the possible variation in rate of water flowing to the storage tank.

Fig. 2.—Interior of a Wayside Treating Plant Showing Electromagnetic Proportioner on
Chemical Vat, Centrifugal Chemical Pump and Sparling Meter.

Chemical solution feeders enjoy the widest use for wayside treatment, as the many

variations in available designs and types provide equipment for almost any possible

application. Basically this type of treating equipment consists of a small chemical vat

into which either liquid or powdered chemicals are introduced with water, and mixed

or agitated into a solution preparatory to application with the raw water to be treated.

In some instances this solution is fed, without pumping equipment, to the suction side

of the raw water pump, treatment control being maintained by using orifice plates in the

chemical solution line; but the most widely used method is to pump solution direct to

the point of application which may be the raw water pump discharge line, the storage

tanJc, the water column or the tank spout. The great difference in the types of chemical

solution feeders is in the pumping equipment, the proportioning devices and controls.
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Several Types of Chemical Pumps

Several types of chemical pumps arc available, namely (1) centrifugal, (2) dia-

phragm, (3) rotary, (4) piston and (5) Moyno. The centrifugal pump is not dependable

for uniform quantity feeding due to variable dehveries with fluctuating discharge heads,

and in small sizes is not adaptable for pumping certain types of heavy chemical solutions.

The diaphragm and rotary pumps have not been widely accepted. Most universally used

for pumping chemicals are the piston and Moyno pumps, both of which are of the

positive displacement type.

The latter is a development of the Moyneaux (French) pump and consists essentially

of a rubber stator molded so that its integral surface is in the form of a double threaded

helix, and an alloy metal rotor made in the form of a single threaded helix which meshes

with the stator. Rotation of the rotor causes a positive endwise displacement of the

solution trapped in the voids between the double threaded stator and the single threaded

rotor. The rolling action of the rotor in the stator is conducive to long life from these

parts, as compared to the straight rubbing action of the piston type pump.

Control equipment for accurately proportioning chemical solutions with uniform or

variable flows of water is offered in variety. With relatively uniform water flow rates,

chemical solutions can be pumped direct from the vats, the pumps being controlled by

(1) flow switches actuated by the movement of water through raw water pipelines,

(2) synchronizing them with raw water pumps, or (3) electric switches operated by the

movement of tank or water column valve mechanisms. Further adaptations for chemical

feeding with uniform water flow rates include chemical pumping equipment actuated by

means of levers, pulleys, belts, chains, etc., directly connected to reciprocating or centri-

fugal raw water pumps, thus avoiding additional motive power for the chemical pumps.

Fig. 3.—Interior of a Wayside Treating Plant Showing Piston Type Chemical Pump,
Chemical Vat and Control Equipment.
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-Cycloidal Water Motor.

Control Equipment

For variable raw water flow rates the two basic types of control equipment include

the water motor and the velocity propeller type meter equipped with a mercoid contact

box. The water motor utilizes water passing through the motor as power to operate the

chemical pump, either through a belt or a chain drive arrangement. The speed of the

water motor is in proportion to the rate of flow of water through it, thus insuring

accurate proportioning and feeding of the chemical solution.

Velocity propeller meters require a flow of less than 0.5 cu. ft. per sec. through an

8-in. or larger meter, to overcome friction and inertia to bring the meter to full regis-

tration. Above this rate the propeller practically floats in the stream and is responsive

to the slightest change in velocity. They are constructed of the tube or saddle type, can
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be used in horizontal, vertical, or slanting positions, are guaranteed accurate within two

percent, and the pressure loss through them is less than through any other meter of

comparable range and accuracy. The mercoid contact box is mounted on top of the

meter and furnishes the impulses for operation of the chemical pumping equipment. This

permits a "slug" treatment with a specified quantity of water, or a uniform flow of

chemical solution when an electrically operated- proportioner is used in conjunction with

the meter. The proportioner also provides for automatic shut-off when the supply of

solution is exhausted, a safeguard against operating chemical pumps dry.

A liquid-piston, air operated pumping device is also available for pumping chemicals.

This mechanism utilizes compressed air as an actuating medium, together with an elec-

trically operated proportioner, float chambers, solenoid valves, etc. It is characterized by

simplicity, and an absence of working parts and packing for efficient operation, which is

a distinct advantage.

Additional control and proportioner devices, both simple and complex, practical and

of little value, are available for modifications of the usual types of wayside treating

plant equipment.

Report on Assignment 8

Mechanics of Foaming and Carryover in Locomotive Boilers

W. B. Leaf (chairman, subcommittee), R. C. Bardwell, W. M. Barr, I. C. Brown, R. W.
Chorley, W. L. Curtiss, C. H. Edwards, O. E. Mace, G. E. Martin, H. L. McMullin,
E. R. Morris, A. B. Pierce, O. T. Rees, H. M. Schudlich, K. J. Weir.

Your committee submits the following information as a progress report, with the

recommendation that the subject be continued.

Liquid water may leave the boiler in any one of three ways: (1) As foam, (2) as

small drops and (3) as slugs from splashing. Number 1 is probably the cause of the

greatest trouble. The amount of water carried out by the second method can probably

not be very great. Number 3 is fairly easily controlled by the enginemen by maintaining

proper water level and proper acceleration of the train. Consequently, the first classifi-

cation, foam, is given the most attention in this investigation.

The amount of foam that is formed on the surface of a boiling liquid depends pri-

marily upon the volume rate of evaporation and the composition of the liquid. It is

obvious that if sufficient foam height is built up in a boiler, carryover will result.

It should be remembered that a locomotive boiler is a horizontal cylinder partly

filled with liquid, that steam is being formed from end to end, and that it has to travel

horizontally to escape through the dry pipe. Thus, the foam height in a locomotive boiler

is different than it would be in a vertical cylinder with other conditions being similar,

since in the boiler the foam is building up into a smaller and smaller space. As the foam

builds up, it restricts the space available for horizontal travel of steam, so that finally

foam is washed or swept out of the boiler horizontally.

What Takes Place in a Boiler

A few generalities will aid in creating a mental picture of what takes place inside a

boiler. There are a great number of different designs of boiler's, and exact figures on
evaporation from different parts are lacking. However, the figure of 55 lb. of evaporation

per hour per sq. ft. of direct heating surface has been fairly well established. The evapo-

ration from indirect heating surface is established as about 10 lb. per sq. ft. per hour.
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hence, it can be calculated that in modern, large locomotives, roughly 45 percent of the

total evaporation is from the firebox, combustion chamber and syphons, circulators or

arch tubes, and 55 percent from the tubes and flues. Naturally, evaporation from the

rear portion of the tubes and flues is somewhat higher than from the front portion. The

steam dome is located variously from near the back flue sheet to approximately half-way

up the length of the flues. Consequently, the proportion of steam delivered from behind

the dome is variable from roughly half to three-quarters of the total amount. That the

location of the steam dome can have an important bearing on the amount of carryover

is thus obvious. Several other facts must be mentioned in this connection. In the vertical

Fig. 1.—Five Evaporator Tubes
With SOO-Watt Heaters.

cyhnder, the foam height depends upon life expectancy of the liquid film around the

steam bubble, and the volume rate of evaporation. In a locomotive boiler, the horizontal

travel of foam depends upon the rate of evaporation from point to point, the available

steam space, and the life expectancy of the liquid film. The horizontal travel rate of

steam in the "average" boiler with normal water line is from three to five feet per

second near the steam dome.

Since most of the evaporation takes place at the rear of the boiler, it would seem

sensible to locate the steam dome well forward so that the foam would have a chance

to collapse before reaching the dome. This expedient has been tried with varying suc-

cess. If the engine always worked on level or ascending track, it would be well. How-

ever, locomotives sometimes have to work backwards up heavy grades, and if the steam

dome is too far forward, steam space is seriously restricted at the dome location by the

sloping water line, thus leading to trouble.

One further fact deserves consideration. At 28S-lb. steam pressure, the specific

volume of saturated steam is about 1.61 cu. ft. per lb., hence steam at this pressure has
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nearly 10 times the density of air, and consequently a much greater transport power to

carry small drops or slugs of water, than has air. Likewise, water has a density of only

0.8S at 285-lb. steam pressure, so there is little comparison between the power of wind

to blow raindrops around, and the power of high pressure steam to blow foam and

drops around.

Causes of Variation in Foam Height

Having established the idea that locomotive boiler performance depends upon foam

height or amount of foam created, as well as boiler design, etc., it becomes important to

consider the various causes of foam height. Most investigators of locomotive foaming

phenomena have concerned themselves almost entirely with the concentration of various

dissolved and suspended matter at the time the carryover occurs in a standard piece of

apparatus at a standard operating rate. However, your committee feels that the investi-

gation of foam height in a standard apparatus at a standard operating rate may be a

better method of approach.

Na^SO^

Na^COj NaOH

Fig. 2.—Foam Height With ISO Grains per Gallon.

Explanation of graph. Composition represented at any point on the graph, such as "A" is deter-

mined as follows:

For sodium hydroxide, follow dotted line downward to left and read 37 percent. For sodium car-

bonate, follow the line upward to left and read 37. S percent. For sodium sulfate, follow the line to the
right and read 25.S percent. Point "B" represents 90 percent sodium sulfate, 6.5 percent sodium
hydroxide and 3.5 percent sodium carbonate. Point "C" represents 60 percent sodium sulfate, 3Q percent
sodium hydroxide and 10 percent sodium carbonate. All substances reported as such, not in terms of

calcium carbonate. Contour lines indicate inches of foam producing capacity of the various compositions
at a constant boiling rate.
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The construction and operation of high pressure apparatus which will give an

evaporation rate comparable to that in a locomotive are expensive. It can be readily

calculated that the locomotive rate is nearly one gallon of water evaporated per square

foot of water line area per minute, or at 285 -lb. pressure, an upward gas flow of 13.4 ft.

per min. This volume rate can be reached at atmospheric pressure, by the use of a

500-watt heater operating in a tube 2J4 in. inside diameter, as shown in Fig. 1. Five such

tubes and heaters were assembled in one piece of apparatus. A constant water level is

maintained by inverted bottle feeders discharging to the boilers through rubber tubing.

It is established that temperature or pressure variations alone have little effect on

foaming. Of course, the degree of conversion of bicarbonate to carbonate to hydroxide is

much less at atmospheric boiling than at high pressure, but composition can be controlled

by adding the proper amount of pure chemicals.

The data on foam height for ISO grains per gallon of various proportions of the

three-component system sodium hydroxide, carbonate and sulfate at a fixed evaporation

rate has been determined, and is shown in Fig. 2. These data are of great importance in

that they show a large variation of foam-producing capacity with variable composition

of dissolved solids.

In foaming investigations in the past, the amount of dissolved solids present was the

first thing thought of as the controlling condition, and locomotive samples were usually

analyzed only for such information. However, the graph shows that ISO grains per

gallon of sodium sulfate gives one inch of foam, sodium carbonate four inches, and

sodium hydroxide three inches. And 30 percent sodium sulfate with 3S percent each of

hydroxide and carbonate gives 17 in. of foam for ISO grains per gallon concentration.

The data of Fig. 2 are being checked by outside laboratories in their high-pressure

experimental boilers.

The average boiler water, of course, contains sodium chloride, in addition to the

other three components mentioned. Consequently, foam height for mixtures of sodium

sulfate and chloride was determined. Sodium chloride gives no foam, but a SO-SO

mixture of chloride and sulfate gives three inches.

A further set of compositions was investigated, wherein the sulfate was replaced by

half and half chloride and sulfate. As would be expected, the new diagram is similar to

the previous one, starting at three inches of foam at the sulfate-chloride peak and gradu-

ally blending into the diagram of Fig. 2 at about SO percent alkalinity.

The usual operating range of composition for locomotives using hme-soda treated

water is from 10 to 40 percent alkalinity, with three-fourths of the alkaline material as

sodium hydroxide as represented by the area between B and C on the graph. Thus, the

graph shows a foam height of three to five inches for ISO grains concentration. If way-

side treated water or other supply containing bicarbonate is taken, the reaction between

the bicarbonate and hydroxide produces carbonate, and the composition of the boiler

water moves to the left on the graph toward an indicated foam height of S to 12 in.

Consequently, foaming is to be expected under these conditions, since only an inch or so

increase in foam height may produce carryover.

Likewise, water containing much magnesium in solution will cause a similar shift in

composition, since it uses up hydroxide in precipitation of magnesium hydroxide. Also,

if wayside treated water is used over a district, the operating composition may be on the

left side of the ridge. Then, if completely treated water is taken, the composition may

move to the right into a greater foam-producing area, and carryover will be experienced

with no appreciable increase in dissolved solids. This change can be more rapid and

complete than the change to the left.
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This graph explains the oft-repeated statement that "waters won't mix". At the

present time there seems no easy answer to the problem however. All of the above infor-

mation was obtained using pure chemicals and distilled water for make-up.

Effect of Suspended Matter

The effect of suspended matter on foam height has not been sufficiently studied by
any investigator to permit many positive statements. A few observations are worthy of

mention. With calcium carbonate precipitated inside the boiler with high dissolved solids,

the foam is very dirty. However, if a small dose of some form of tannin is added, the

particles are wetted by the liquid and quickly sink out of circulation with no change in

foam height. Several hundred grain doses of colloidal bentonite clay have no effect on

foam height. As much as SOO grains per gallon of half and half calcium carbonate and

magnesium hydroxide in tap water produce no foam at the standard boiling rate, altho

a half inch or so of foam is produced at lower boihng rate.

The published data on effect of suspended matter in carryover must be questioned

on the basis of the graph of Fig. 2, because the investigators give no accurate data on

the dissolved solids composition before and after the addition of suspended matter.

One very important observation in connection with foaming has been made during

this investigation. When foaming occurs, the steam bubbles are small from the instant

they leave the heating surface. When no foam is formed, the bubbles are large. These

statements are true regardless of pressure or concentration. The phenomenon has been

observed at pressures up to 300 lb., with variable compositions and concentration, and

with a great variety of materials used as antifoam compounds. All vegetable oils, such as

butter, cocoanut oil, castor oil, etc., act with more or less efficiency as antifoam com-

pounds. Cholesterol is an extremely efficient antifoam at atmospheric boiling temperature.

Oils extracted from dried sewage also have antifoam properties, and regardless of com-

pound used, if there is no foam, the steam bubbles are large; therefore, the action of

antifoam compound extends all through the body of the liquid.

Emulsified castor oil antifoam compounds increase the surface tension slightly until

saponification takes place, while cholesterol reduces surface tension. There seems to be

no evidence that foaming is a function of surface tension, or that the action of antifoam

compounds is based on surface tension changes.

Foam height may be increased by placing a fine screen in the path of the rising

steam bubbles so that they are broken up into smaller ones. Similarly, foam height may
be reduced by allowing the small bubbles to travel through an open-ended cone of proper

size so that they are forced together to form large bubbles. This action is effective in

preventing foam formation in strong soap solution or sulfonated alcohol solution. It is

also effective at high pressure, and an installation has been made on a locomotive, with

good results.

Condition of Heating Surface

There is a further factor that influences foam height. It is the condition of the heat-

ing surface. If it is rough, or covered by a lot of fine, sharp points, the steam bubbles

are smaller than they would otherwise be, and the foam height is greater. Also, a thin

deposit of carbonate scale seems to increase foam height. This phenomena has been dem-

onstrated by slipping thin copper sleeves over the immersion heater. If the sleeve is

smooth, foam height is lowered by as much as one-fourth. If punched with a nail so

that a lot of sharp points stick out, foam height is materially increased.

It seems probable that the area of the heating surface would have some effect on

foam height, with heat input, composition, etc., constant. With a high heat transfer per

unit of area, steam bubbles would probably be small.
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To return to the effect of suspended matter, it is highly probable that a misinter-

pretation of observations has been made. When foaming takes place, the bubbles are

small, and thus act efficiently to float the suspended matter. Consequently, the foam is

always dirty, and the foaming may have been ascribed to the presence of suspended

matter, rather than to an attendent phenomenon. More investigation is necessary.

In order to study the matter of small and large steam bubble formation, several

hundred feet of high-speed movies were made by the Edgerton stroboscopic process at

Massachusetts Institute of Technology. This process uses a stroboscopic light instead of

a shutter on a camera. The flashing speed of the light is controlled by contact points on

the film reel inside the camera, so that it is necessary only to run the film through at

the desired rates.

The film was exposed at 660 frames per second. It shows that in liquids which form

no foam, steam bubbles do not leave the heating surface until they are fairly large,

% in. or so in diameter. These bubbles also break together on first contact within the

body of the liquid. With considerable foam, the bubbles come off of the heating surface

while small, and do not merge to form larger ones.

Further experimental work on foam formation is necessary. The effect of variable

evaporation rate on foam height must be determined, as must the effect of variable con-

centrations of various compositions of dissolved solids. These data, when procured, will

be valuable in calculating blowdown schedules.

It is hoped that a full-time research chemist can be put to work on these problems,

but present war conditions force postponement of such a plan.

Influence of Boiler Design

The committee wishes to call the attention of boiler designers to several important

features. It is felt that the majority of locomotive boilers have too little steam space,

and that improvement in operation can be had by increasing that space. A generation or

so ago, with little water treatment, the major action of dissolved solids was to form

scale, and foaming was not a problem. By proper treatment of water supplies, scale is

no longer a problem, but the introduction of alkaline sodium compounds has increased

the foam-producing capacity of the water supplies. Evaporation rates of locomotives

boilers have been very materially increased, but increase in steam space has lagged

behind. The location of the steam dome is also of importance. For engines operating

exclusively on fairly level track, it can best be located well to the front of the boiler.

However, for engines operating on heavy grades, the dome must be located near the

rocking point for best results. The type and location of the blowoff cocks is of great

importance.

The use of tapered boilers and the location of the steam dome on a small diameter

boiler course is to be condemned.

It is suggested that the graph in Fig. 2 be used in road investigations of foaming,

to see how the laboratory work fits field conditions.
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Report on Assignment 10

Means for Conserving Labor and Materials, Including the Adoption

of Substitute Non-Critical Materials

G. E. Martin (chairman, subcommittee), J. H. Davidson, P. W. Elmore, R. N. Foster,

H. F. King, W. A. McGee, S. E. Printz, J. E. Tiedt.

General

The entrance of the United States into the war on December 7, 1941, found the

inventories of American railways at a generally low stage. The railways had just passed

through a decade of depression in which curtailment of material purchases was one of

the watchwords of enforced economy. After the declaration of war the government set

up agencies to control the supply of raw materials and finished products so that the

country's armed forces and allies would be adequately supplied and civilian use would

be confined to minimum requirements. The War Production Board was organized for

this purpose, and beginning with the second quarter of 1943 the country's major rail-

roads and most war industries began operating under the WPB Controlled Materials

Plan. The purpose of this plan is to get a more realistic appraisal of the nation's mate-

rial requirements, thereby making possible better distribution to war and essential civilian

industries.

A short time after the railways began operation under this plan, a new material

procurement scheme was issued for the benefit of the transportation industry. The scheme

is known as General Preference Order P-142 and is patterned along the lines of the

Controlled Materials Plan, and the two devices are to a certain extent coupled in their

operations.

General Preference Order P-142 requires the railways to file quarterly applications

for materials that will be used basically as maintenance, repair and operating supplies.

Railways are not permitted to obtain under this order any materials for what are con-

sidered capital improvements or items under the control of a conservation order and

which require specific approval before they can be manufactured and purchased.

In preparing the bill of material the application is subdivided as between controlled

materials and fabricated items. "Controlled materials" are items such as steel, copper,

aluminum and other scarce materials which are either in an unfabricated state or in a

form as designated in the regulations. For such items requests are made on a ton or

pound basis. The allotments made are determined by the amount in inventory and the

rate of consumption in a quarterly period. "Fabricated items" are requested in units of

each, dollar value and board feet. The allocation is made in the same manner as in the

case of raw materials.

Railway Priority Agencies

The railways in turn set up sections in their purchasing departments to assemble

the estimated list of materials required on a quarterly basis, the list being made by the

heads of the stores, engineering, mechanical and other user departments. These lists are

referred to the WPB whose Transportation Equipment division reviews and "processes"

them and quite often reduces the requests. After this, each railway is advised of its

allotment for the coming quarter.
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Priority assistance is given in securing the new materials, and the railways add to

this allotment certain amounts of salvaged and reconditioned materials, thus enabling

them to operate effectively and to handle an unusual volume of traffic.

The various departments secure the usual stock items for routine repairs from the

stores department and in addition to this make lists for submission to the WPB on the

quarterly basis as follows:

Maintenance

Extraordinary maintenance by contractors.

All maintenance handled by company forces.

Construction

Projects costing under $1,000. ,

Projects costing S1,000 and under $100,000.

Projects costing over $100,000.

In construction projects it is necessary to file application on required forms to secure

authority for the project as well as authority to purchase the materials.

Salvaged Materials

In view of the scarcity of materials and in line with their wish to cooperate fully

with the WPB the railways have salvaged large amounts of used or abandoned material

and have reconditioned material and equipment for further use at the original or new

locations on their lines. Many items of cast iron pipe, lead joints, well screens, pump
house lumber, used water tanks and towers and pumping equipment have been salvaged

by the water service departments. In some cases the cost of the salvage operations ex-

ceeded the cost of new material but in view of the severe shortage the extra cost was

deemed fully warranted. Other departments of railways are salvaging bridge, building,

track and signal materials in hke manner.

The use of substitutes for unusually critical material is also receiving careful atten-

tion. Pipe made of plastic instead of steel, all-iron valves instead of bronze, reinforced

concrete and brick instead of steel are a few examples. Many valve and equipment manu-

facturers are drastically reducing the number of types of valves and accessories in their

market line, the purpose being to retain the most essential items and to eliminate items

having a slow turnover and items made of unusually critical materials. Certain limita-

tions are also placed on pipe sizes by priority rating. The railways are cooperating with

the manufacturers in this matter and are modifying their requisitions to comply with

supplementary catalogs for the revised lines of equipment.

To illustrate the extent to which reclaimed and substitute materials are used, a

report from a committee member identified with a large eastern railway has been

abstracted as follows:

This railway has an efficient reclamation plant where scrap from the system

is received. The scrap is sorted and classified, and all material or parts which can

be reclaimed are repaired and stored for re-use. These items include numerous

parts for track, such as tie plates, fastenings, frogs, switches, switch stands, rail,

bolts, nuts, washers, also pipe, pipe nipples, valves, pipe fittings, brake beams,

air brake parts and equipment, journal bearings and numerous other items.

In maintenance of way work many substitutions are made, such as asbestos

cement pipe for cast iron, steel or wrought iron; roofing paper or felt for rubber

for gaskets in low pressure water lines; cast iron for valve trimmings instead of
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brass or bronze; second-hand boiler flues and tubes for pipe conduit instead of

creosoted wood boxing; lighter weight sheets and shapes for coal bins and for

aprons and chutes on coaling plants. The use of mechanical tools to conserve

labor and welded joints instead of the conventional flanged and bolted joints is

advisable. A short time ago an 8-in. steam line, approximately 2,000 ft. long was

installed. This line had 110 joints which were electric arc welded. A saving in

labor and material of approximately $2,500 was effected by this method.

Conservation of Man Hours

It is essential to reduce the riding and preparatory time of the men to a minimum.

Repairmen and helpers should have their assigned headquarters close to the point of work,

or in a convenient location on their districts so they can reach the daily job without

undue loss of time. The use of small highway trucks is a decided advantage in this

respect. The use of telephone or other adequate means of communication between repair-

men and supervisor should be considered. The men should be encouraged to plan each

day's work in advance and take all necessary tools and material with them so that the

job may be completed without additional trips for forgotten material. Repairmen should

be encouraged and trained to keep records pertaining to sizes and types of pipe lines,

pumping equipment and other accessories, so that information required in making orders

for repair parts will not be delayed or a special trip required to secure information of

this kind for requisitions.

Conclusions

1. To secure an adequate allotment of controlled materials the user should procure

up-to-date information from the priority section of his railway regarding the manner

of listing expected needs in advance. The user should substitute less critical for more

critical items where possible.

2. As an assurance of having all material when needed, it is suggested that orders

be placed for anticipated requirements well in advance. Consideration should be given

to the preparation of preliminary lists before the period covered by the formal applica-

tion. The purpose of placing advance orders is to enable the producers to arrange for

materials far enough ahead so that they will be in a position to have them on hand when

needed and make delivery as requested by the user.

3. The use of salvaged and substitute material should be considered before new

material is ordered, and plans made to recover such items as cast iron pipe, lead joints,

well screens, used pumping equipment, water meters and valves, even if the cost of

salvaging is relatively high.

4. Man-hours should be conserved if possible by good transportation and communi-

cation service for the repairmen. They should be encouraged and trained to plan their

work so that return trips to the same job will be reduced to a minimum.

5. Lists of highly critical items and materials should be maintained on a current

basis and substitutes used where possible. The demands for some types of equipment by

the armed services may relax at times and the lists referred to will indicate this condition

to prospective railway users.
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Committee

* Died October 1, 1943.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Study of metal and other protective casings for pier structures under water.

Progress report, presented as information page 68

3. Prepare abstract of flood control acts and outline procedure under the acts, collabo-

rating with AAR Committee on Waterway Projects.

Progress report, presented as information page 68

4. Economic principles involved in clearance over navigable waterways.

No report.

5. Reasonable life of steel casings immersed in sea water.

No report.

6. Prepare abstract of the Truman-Hobbs Act and outline procedure under the act,

collaborating with AAR Committee on Waterway Projects.

No report.

7. Procedure with regard to rivers and harbors projects, collaborating with A.-\R Com-

mittee on Waterway Projects.

No report.

The Committee on Waterways and Harbors,

N. D. Hyde, Chairman.

AREA Bulletin 441, November 1943.
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Samuel %. SHonston

It is with deep sorrow and regret that this committee records the death on October

1, 1943, of a most valued member, Samuel L. Wonson, assistant chief engineer of the

Missouri Pacific Railroad. Mr. Wonson had been a member of the Committee on Water-

ways and Harbors since 1935, and was a faithful and energetic worker on its assign-

ments. Through his experience with the problems of the railways as related to rivers and

harbors he made many valuable contributions to the work of the committee.

Your committee takes this occasion to endorse the memoir prepared by the Com-
mittee on Economics of Railway Location and Operation which appears on page 26.

Report on Assignment 2

Study of Metal and Other Protective Casings for

Pier Structures Under Water

R. W. Marye (chairman, subcommittee), G. F. Hand, F. N. Nye, J. P. Ray, C. U.
Smith, W. R. Swatosh.

Your committee presents this report as information with the recommendation that

the subject be continued.

Means for the protection of timber piling in waters infected with teredo, limnoria

and other marine borers are being investigated by laboratory and experimental installa-

tions involving the use of casings that include metal, terra cotta and concrete pipe and

cast-in-place concrete casings. Data are not yet available on which to base a conclusion

on the effectiveness of the various forms of protection. Your committee will continue to

accumulate information as the studies progress.

Report on Assignment 3

Prepare Abstract of Flood Control Acts and Outline

Procedure Under the Acts

W. G. Nusz (chairman, subcommittee), G. F. Hand, F. D. Kinnie, F. E. Morrow,
E. H. Roth, S. L. Wonson.

This report is offered with the recommendation that the subject be continued.

The Congress has taken no final action on a general flood control act during the past

year. A committee of the House of Representatives has held hearings on flood control

projects as preliminary to the introduction of a bill in Congress containing general flood

control work as an item of the post-war adjustment period.

Developments will be followed by the committee and a report submitted when

formal action has been taken by Congress.
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To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Developments in the application of electricity to railway service.

Progress report, presented as information below.

2. The principal current activities of the Electrical Section, Engineering Division, AAR.

Progress report, presented as information page 71

The Committee on Electricity,

D. B. Thompson, Chairman.

Report on Assignment 1

Developments in the Application o£ Electricity to Railway Service

Although there have been no startling new developments during the past year in the

application of electricity to railway service, the more intensive use of electricity in every

branch of the work is greatly aiding the railroads in carr>'ing the enormous increase in

traffic imposed upon them by the war emergency. Expansion of facilities, in general, has

been impossible, thus placing additional loads on the existing plant and increasing the

problems of operation and maintenance.

As an example of this, one carrier that handles both passenger and freight traffic on

its main line by electric traction has increased its consumption of electrical energy for

train propulsion from 160 million kw.h. in 1938 to over 240 million kw.h. in the past

12 months, an increase of from 70 million kw.h. to over ISO million kw.h. aimually in

the demand on its own power plant, with no increase in generating capacity. This carrier,

however, has placed in service during the past year 10 new electric freight locomotives

of capacity larger than any heretofore used by it, and has under construction in its power

plant additional boiler capacity which will be in service early in 1944.

This same carrier has made progress during the year in modernizing its line circuit

breakers by rebuilding them so as to give greater current rupturing capacity. It has also

installed during the past year a novel water rheostat for the control of heavy line cur-

rents that are applied to melt ice from an exposed section of its contact system circuits

during sleet storms.

Another large electrified carrier during the past two years has placed in operation

20 additional electric locomotives similar in design to those already in use.

AREA Bulletin 441, November 1943.
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One of the Canadian railways has extended its electrification by introducing electric

propulsion for the operation of passenger trains into a new passenger terminal. This is a

2,400-volt d.c. electrification. This railroad has also extended its centralized signal control

system, and the use of capacitors for power factor correction has been greatly extended

in roundhouse service with savings of from 40 to 50 percent on the investment.

Due to the shortage of weatherproof wire, conduit and rubber covered wire, another

road has entirely changed its system of roundhouse and shop wiring, by carrying both

power and lighting distribution wires on secondary racks supported by the rafters inside

the house. This cuts down the amount of weatherproof wire, rubber covered wire and

conduit required and makes it unnecessary to carry wires through the roundhouse wall

at each stall as was formerly necessary when the wires were carried on the outside of

the roundhouse. It also makes it more convenient to obtain power and lighting services

at any point where they may be desired. Officers of this road report that they like this

method very much and undoubtedly will continue to use it even when rubber covered

wire and conduit are again readily available.

Not only in the traction power field, but in the field of electric power for shop and

other uses, consumer demands arc approaching producer capacity in spite of increased

central station capacity and the great increase in system ties and connections. "Spinning

reserve" is being used up or eliminated as such, and old and less efficient plants which

have been shut down, are being restored to service. In the railway shop power field, the

application of static condensers to existing circuits and motors has been stimulated, where

such apparatus can be obtained, in order to carry increased power loads on circuits here-

tofore loaded with reactive or low-power-factor currents. Existing transformer capacities

have been increased by forced ventilation to carry increased demands.

Numerous instances have been reported in which the railway electrical engineers

and their staffs have shown great ingenuity in adapting available apparatus and materials

to applications for which special apparatus would be provided if available, or in modify-

ing "standard" construction to meet special conditions—in some cases actually doing a

better and cheaper job thereby. As in industry, the field of "preventive maintenance" is

receiving increased attention because of material shortages.

There have been no new developments in the air conditioning field. The shortage

of Freon used as the refrigerant on many cars has been keenly felt by the carriers in

their operation of air conditioned passenger equipment during the past summer. Large

quantities of this material have been diverted to the armed forces for use as an insecticide

in tropical climates.

One road is seriously considering the conversion of its car lighting and associated

electrical equipment to 110 volts. At least one carrier is using a single wire scheme, with

return through the metal frame (as in automobile wiring), for lighting circuits on its

locomotives.

In the illumination field, the war has imposed special problems on the railroads as

well as industry, especially on the east coast, because of the black-out and dim-out

requirements. The relation between adequate illumination and safety has been made

particularly apparent where it has been obligatory to reduce platform and station light-

ing intensities to comply with dim-out regulations. Fluorescent lighting is being more

extensively applied, not only to office buildings and stations, and to passenger cars, but

to signal towers and to enginehouses as well.

In the field of electric welding, mention was made in last year's report of the devel-

opment of a new welding electrode for use with alternating current. This has h^d in-

creased use during the past year, and promises to reduce the cost of welding apparatus.

It has been found that more intensive illumination of the welding shop and the material

being welded has resulted in better workmanship.
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Much is being said in the public press about "electronics"' and the part it will play

in the future application of electricity to our daily hves. This is not a new development,

but a new word popularly applied to many devices already accepted and in service for

industry in general. One eastern carrier has been operating its electric trains by "elec-

tronic" apparatus (mercury-arc rectifiers) ever since it was electrified in 1927, in fact,

nearly 10 percent of all the electric power generated in the United States is used today

through "electronic" apparatus (mostly rectifiers) in the hght metals production industry.

It is true, however, that as new electrical devices are developed, the railroads will be

among the first to apply them to their use.

Some further development work is being done in the field of electronic (radio)

communication between the front and rear ends of trains, and to roadside stations, and

it is safe to say that some of the equipment now used by the armed forces ("Walkie-

Talkie") will play an important part in improved service after the war.

At the present time, much thought and consideration is being given by the carriers

to post-war planning, and among several of them it is no secret that electrification is

being carefully considered. The possible shortage or greatly increased costs of liquid fuels

will have an important bearing on motive power design, and further developments are

promised in steam turbine and gas turbine locomotives. These, like the Diesel locomotive,

will probably have electric drive.

Report on Assignment 2

The Principal Current Activities of the Electrical Section,

Engineering Division, AAR

While conditions prevailing in the electrical industry as a result of the war have

retarded developments in some fields to an extent that has required the virtual suspension

of some of the committees, others have found an important work to do. The Committee

on Electrolysis is sponsoring a study of the electrolytic corrosion of steel in concrete, and

a report of the work carried out under its supervision with funds provided by the AAR
has been published in Bulletin 440. On the recommendation of the Committee on Over-

head Transmission Line and Catenary Construction which represented the Electrical

Section in the revision of the National Electrical Safety Code and the forthcoming re-

vision of the Specifications for Electric Light Power Supply and Trolley Lines Crossing

Railroads, the Electrical Section adopted emergency specifications for overhead wire

crossings to meet current needs until such time as the revision of the complete specifica-

tions can be adopted.

The Committee on Electric Heating and Welding presented a report on safety pre-

cautions to be followed in electric welding, while the Committee on Track and Third

Rail bonds has submitted Specifications for Welded Type Rail Head U-bonds and

Extended Bonds for adoption and publication in the Manual.

In addition to these regular committee activities, the Electrical Section has continued

its representation on the Electrical Committee of the National Fire Protective Association

and has thus participated in the drafting of temporary revisions of the National Electrical

Code. Eight circulars setting forth the "interim amendments" of the code have been

issued to representatives of member roads.

The Section was represented on the Special Committee on Black-out of Railway

Equipment and the conclusions reached as the result of the tests made have been

embodied in a report that has been filed with the authorities concerned therewith.



Report of Committee 10—Signals and Interlocking

H. L. Stanton, Chairman, R. D. Moore W. N. Hartman, Vice-

G. H. Dryden H. G. Morgan Chairman,

W. J. EcK H. H. Orr E. G. Stradling

W. H. Elliott W. M. Post G. K. Thomas
C. R. HODGDON A. H. RUDD C. H. TiLLETT

J. C. Mock W. M. Vandersluis
Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Developments in railway signaling.

No report.

2. The principal current activities of the Signal Section, AAR, by synopsis, supplemented

with list and reference, by number, of adopted specifications, designs and principles

of practice.

Progress report, presented as information below.

The Committee on Signals and Interlocking,

H. L. Stanton, Chairman.

Report on Assignment 2

The Principal Current Activities of the Signal

Section, AAR, by Synopsis

Supplemented With List and Reference, by Number, of Adopted
Specifications, Designs and Principles of Practice

W. M. Post (chairman, subcommittee), G. H. Dryden, W. J. Eck, W. H. Elliott, C. R.

Hodgdon, J. C. Mock, A. H. Rudd, C. H. Tillett, W. M. Vandersluis.

Current Activities of the Signal Section, AAR, Since November 1942

In connection with the conservation of vital war materials, the Emergency Specifica-

tion Committee has been active in cooperation with the War Production Board, and

additional emergency methods and practices for conservation of vital war materials as

well as revised emergency specifications have been issued. The ten standing committees

of the section have been and are working on the assignment: Investigate the possibilities

of the use of substitute materials.

Representatives of the section were actively engaged in the tests being conducted by

the AAR Special Committee on Blackout of Railway Equipment.

Four of the series of chapters on American Railway Signaling Principles and Prac-

tices, prepared for the education of signal men and others desiring to study this subject,

have been revised and brought up to date. The complete series will comprise 24 chapters,

23 having been completed and placed on sale to date.

AREA Bulletin 441, November 1943.

72
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The work performed during the 1942, fiscal year and reported in the 1943 Advance

Not'.cc covers the following subjects:

1. Economics of coded track circuit control.

2. Economies derived from the use of "off track" equipment.

3. Capacity for single-track operation (trains per day).

4. Centralized traffic control as a means of accelerating train movements—By
Wai-Yum Yee.

5. Economics of rail head bonding.

6. Train-hour value.

7. Ecor.om'.cs of combining communications and CTC lines.

S. Switch, frog and crossing layout plans—in collaboration with AREA Committee 5.

9. Mechanical facing po;nt locks for spring switches.

10. Automatic train control and automatic cab signals in the United States as of

January 1, 1943.

11. Hearings set by the ICC under the S gnal Inspection Act during the year 1942.

12. List of Show-Cause Orders issued by the ICC under paragraph (b) of section 25

cf the ICC during the year 1942.

' 13. Activities of radio ccmmun cation for railroad purposes—cooperative report.

14. Piotection against lightning.

15. Methods and circuits for safely and economically providing many signal controls

over one pair of wires.

16. Possibilities of improper signal operations due to cathcdic protection for lead

cable sheaths.

17. Standardization and unification of screw threads—cooperative report.

18. Standardization of rolled threads for screw shells of electric sockets and lamp

bases—cooperative report.

19. Electrical insulating materials in general—cooperative report.

20. Highway grade cross'ng protection—federal and dominion activities.

21. Possible substitution of fire-resisting materials for replacing braid covering for

rubber-insulated wires and cables.

22. Pos.ibiUty of the use of synthetic materials as a substitute for braid coverings of

wires and cables.

23. Rules covering clearances of communication wires or cables over gasoline storage

tanks—cooperative report.

24. Noteworthy changes in signal practices.

25. Signal indications used for the protection of traffic against slides, rock falls, high

\v iter, burned bridges and dragging equipment.

26. Pract cabiKty of a flashing light aspect for railway sgnaling.

Revised Specifications Presented for Letter Ballot

Old No. New No.

Incandescent Electric Lamps '. 51-39 51'-43

Low-Voltage Lightning Arrester 52-39 52-43

Electro-Pneumatic Interlocking 67-40 67-43

Electric Position Light Signal 81-42 81-43

Electric Motor Switch Operating Mechanism 101-39 101-43

Electro-Mechanical Interlocking Machine 134-39 134-43

Automatic Interlocking 141-34 141-43

Centralized Traffic Control 149-41 149-43

Centralized Traffic Control Machine 150-42 150-43

Electro—Pneumatic Switch Operating Mechanism 152-40 152-43
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Old No. New No.

Electric Color Position. Light Signal 162-39 162-43

Communication Lines Crossing the Tracks of Railroads, (formerlj'

entitled Specification for Telegraph, Telephone and Other Com-
munication Wires and Cables Crossing the Tracks of Steam and
Electrified Raihoads) unnumbered

Fibre Conduit "

Galvanized Steel Strand "

Railroad Specifications for Electric Light, Power Supply and Trolley

Lines Crossing Railways "

Revised Drawings Presented for Letter Ballot

Crank and Jaw Pins lOlOF lOlOE
Pipe Compensator Cranks 1013C 1013B
Switch-Rod Insulation 10S5D 10S5C
Pipe-Line Insulafon for One-Inch Pipe 1094E 1094D
Foundation for Ground Mast Signals 1107D 1 107C
Two-Way Single-Lamp Signal 1 236D 1 236C
Foundat.on for Instrument Cases 1259C 1259B
Plunger Switch Lock-Rectangular Plunger 142SE 1425D
Crossing Gate Arm 1491C 1491B
Light Signal Masts " 1616B 1616A
Graphical Symbols—Relays 1673B 1673A
Graphical Symbols—Relay Contacts 1674B 1674A
Graphical Symbols—Circuit Controller Contacts—Miscellaneous 167SB 167SA
Graphical Symbols-—Circuit Controller Contacts—Contacts Actuated

Mechanically by Interlocking Machine Lever or Latch 1676B 1676A
Graphical Symbols—Contacts Actuated by Switch Points, Derails or

Locking Connections 1677B 1677A
Graphical Symbols—Signal and Electro—Pneumatic 1678B 1678A
Graphical Symbols—Indicators, Locks, Buzzers and Bells 1679B 1679A
Graphical Symbols—Circuit Appurtenances 1680B 1680A
Graphical Symbols—Miscellaneous Apparatus 1681B 1681

A

Revised Instructions Presented for Letter Ballot
Interlocking.

Spring Switches.

Time Releases Applied to Signal Apparatus.

Revised Miscellaneous Matter Presented for Letter Ballot

Circuit Nomenclature and Written Circuits.

Table of Signal and Interlocking Units.

New Specifications Presented for Letter Ballot
No.

Aluminum Paint Suitable for Finishing Coats on Steel Structures 200^3
Primer Paint for Steel and Iron Structures 201—43

Time Element Relay (Thermal Type) 202-43

New Drawing Presented for Letter Ballot

Automatic Crossing Gate and Signal Assembly 1489A

Specifications Presented for Letter Ballot for Removal from the Manual

No.

Direct Current Generator 14-39

Alternating Current Generator 73-39

Fuses 96-39
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9. Bibliography on subjects pertaining to yards and terminals appearing in

current periodicals.

Progress report, presented as information page 88

10. Continue the study of means of conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary cur-

rently of recommendations that merit emergenc\' adoption and prompt

publication.

No report.

The Committee on Yards and Terminals,

W. J. Hedley, Chairman.

Report on Assignment 2

Service Connections on Station Tracks

Collaborating with AAR Joint Committee on Railway Sanitation

W. J. Hedley (chairman, subcommittee), J. R. W. Ambrose, C. J. Astrue, H. Austill,

A. L. Becker, F. T. Darrow, W. H. Giles, W. H. Hobbs, J. S. Knight, H. C. Lorenz,

C. A. Mitchell, C. H. Mottier, V. R. Walling.

As a result of its investigation and consideration of the subject, your committee

recommends the following addition to the Manual, page 14—4, under II Passenger Ter-

minals, Section 24. Station Proper:

2421. Steam and Air Connections

Steam connections should be provided at all station tracks on which cars wiU stand

without locomotive attached. For stub tracks, steam connections should be located at the

ends, one connection for each track. For through tracks, they should be placed to serve

each track at the point or points where the rear of a train would normally be placed.

Air connections should be provided at all tracks where the method of operation and

servicing requires that an air brake test be made while the train is standing without

locomotive attached. When air connections are installed, they should be placed at the

same locations as steam connections.

Report on Assignment 3

Scales Used in Railway Service

M. J. J. Harrison (chairman, subcommittee), J. E. Armstrong, H. Austill, Hadley Bald-

win, H. G. Basquin, E. D. Gordon, E. M. Hastings, W. J. Hedley, H. O. Hem,
E. K. Lawrence, H. C. Propst, C. L. Richard, H. M. Roeser, D. J. Strauch, J. N.
Todd, F. E. Townsend, E. P. Vroome, O. H. Watson.

Last year your committee submitted as information a revision of its proposed Speci-

fications for the Manufacture and Installation of Hand-Operated Grain-Hopper Scales.

Since their publication, these specifications have been made available to all known parties

at interest, and their comments have been solicited. No criticism or comment which war-

rants any further revision of these specifications has been received.

Your committee now recommends for adoption and publication in the Manual Speci-

fications for the Manufacture and Installation of Hand-Operated Grain-Hopper Scales,

as published in the Proceedings, Vol. 44, 1943, pages 336 to 349, inclusive.
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Report on Assignment 4

Classification Yards, Collaborating with Committee 16

—

Economics of Railway Location and Operation

G. F. Hand (chairman, subcommittee), J. E. Armstrong, C. J. Astrue, Hadley Baldwin,

W. O. Boessneck, N. C. L. Brown, H. F. Burch, R. B. Elsworth, W. H. Giles,

M. J. J. Harrison, H. H. Harsh, E. M. Hastings, W. J. Hedley, W. H. Hobbs,
E. T. Johnston, E. K. Lawrence, L. L. Lyford, C. A. Mitchell, W. B. Rudd, C. U.
Smith, J. W. Smith, J. N. Todd, V. R. Walling, and R. W. Willis.

This report is submitted as information.

This year your committee has selected under its general assignment the subject of

Grades in Recently Constructed Classification Yards with Retarders for the purpose of

showing what, if any, changes have been made in respect to such grades in recent yard

construction. The study has been confined to grades from the apex of the hump down

to the farther end of the classification tracks.

For this purpose the hump and classification track grades in four yards put into

operation between the fall of 1940 and the fall of 1942, as shown in the tabulation which

follows, have been selected. The tabulation shows for these four yards the distances,

drops and grades from the apex of the hump to important points on the hump and on

the body tracks.

All of these yards are of the group type design. However, the grades below the apex

of the hump are not comparable, as the distances vary due to the different number of

classification tracks to which connections must be made. The most interesting thing to

note is that in three of the yards the body tracks are placed on a grade of 0.20 percent

and in the fourth yard on a grade of 0.18 percent, which is a substantial departure from

earher practice. The grades of the body tracks in the older yards usually range from

0.22 percent to 0.30 percent, the 0.30 percent grade being an inheritance from the rider

type of yard.

A check has been made to determine if the hump grades in these four yards were

designed in accordance with the methods recommended in the Manual, that is, the analyt-

ical method as shown in the Proceedings, Vol. 33, 1932, pages 129 to 133, or the graphic

method as shown in the Proceedings, Vol. 34, 1933, pages 177 to 189. The following

statement, which includes the check on the methods of design, was secured from the

respective railroads by correspondence.

Eastbound Roanoke, Va. and Portsmouth, Ohio,

Time Freight, Yards; Norfolk & Western Railway

Some of the grade calculations were based on the Manual analytical method, but

the main part was based upon the Manual graphic method. The car resistances used

were 6 lb. per ton or 0.30 percent, including switch resistance, for heavy loads under

favorable weather conditions in the retarder area, and 0.20 percent grade resistance for

such conditions below the last retarder. The drop from the apex of the hump to the

clearance point in the yard was based on 1.3 percent resistance for light hard-rolling

cars under adverse weather conditions. It was realized that this grade would not clear

all of the cars in cold weather, but it was felt that greatly increasing the cost of these

yards for the sake of a few hard rolhng cars was not justified.



78 Yards and Terminals

Yard



Yards and Terminals 7Q

Westbound Galesburg (Illinois) Yard;

Chicago, Burlington & Quincy Railroad

Neither of the Manual methods for determining grades from the apex of the hump

down into the yard were used. Compensation was made for curvature on the basis of

their best judgment as the result of past experience. Hot oil is not used in cold weather

and flange lubricators have not yet been installed. The 0.20 percent grade in the body

tracks is regarded as satisfactory; light cars are delivered into the classification yard

during extremely cold weather without excessive trimming and heavy cars do not accel-

erate or decelerate unduly in warm weather. The traffic is mixed. The yard is designed

to handle 100-ton cars, and at the present time there are many 80-ton cars. In normal

times, there will be a preponderance of empties.

DeCoursey Yard, (South of Newport, Ky.) ;

Louisville & Nashville Railroad

The grades were designed substantially in accordance with the graphic method in

the Manual; a shghtly different form was used, but the principle involved was the same.

No curve compensation was provided, it being intended that cars be released at a higher

speed on tracks having high curvature. Flange lubricators are used on the lead tracks

below the retarders. Hot oil is used, depending upon the temperature. The preponder-

ance of loaded cars handled is coal but there is a substantial quantity of all kinds of

business, such as steel, oil, etc. Traffic runs from empties at about 20 tons to loads up to

SO tons. In general the grades are satisfactory. In warm weather the heavy loads tend

to pick up speed. When the weather cools to 20 deg. F. the heavy loads roll very well,

but the light and medium loads are slugglish, which increases the frequency of trimming.

When the temperature is below 20 deg. F. there are instances when the heavy loads will

not roll freely in the yard.

Report on Assignment 7

Freight Car Repair Facilities

W. O. Boessneck (chairman, subcommittee), C. J. Astrue, H. F. Burch, W. H. Giles,

G. F. Hand, E. M. Hastings, W. J. Hedley, H. C. Lorenz. L. L. Lyford, H. L. Ripley,

W. B. Rudd, R. W. Willis.

This report is submitted as information, it being the intention to continue the study

of the subject with a view of submitting recommendations for inclusion in the Manual

at a later date.

Studies have previously been made on this subject and a report was submitted by

former Committee 23—Shops and Locomotive Terminals in the Proceedings, Vol. 22,

1921, under heading Design of Car Shops and in the Proceedings, Vol. 26, 1925,

under the heading General Layout and Design of Car Shops. The Manual on pages

23-16 and 23-17 contains recommendations on Freight Car Repair Shops adopted in 1925.

It also contains recommendations by Committee 14—Yards and Terminals headed Bad

Order and Repair Tracks on page 14-24. These recommendations were published in the

Proceedings, Vol. 28, 1927, and were adopted by the Association in that year.

As many years have passed since these reports and recommendations were made,

it is believed there may have been sufficient changes in operation and design to warrant

a revision of the Manual material. The committee has therefore made a study of this
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subject, gathering information concerning facilities that have been constructed since the

last reports were made to the Association. Being mindful of war conditions, the com-

mittee has endeavored to obtain the required information without burdening the already

depleted railroad staffs with requests for voluminous data and has written only to those

railroads which were found, from a review of periodicals and other pubHcations and

from a canvass of members of the committee, to have constructed new car repair facil-

ities since the above mentioned reports were made.

The result of this review and canvass indicated that 11 railroads have constructed

freight car repair facilities since 1926, covering a total of 14 yards, of which 10 are what

are known as "light" repair facilities and 4 are known as "heavy" repair facilities. Brief

questionnaires were then sent to the railroads, requesting pertinent information concern-

ing the newly constructed facilities. No attempt was made to obtain information con-

cerning "speed" repair facilities where running repairs are made and where cars necessi-

tating more extensive attention are temporarily strengthened so that they may be moved

to points having facilities and forces to do whatever is required. Replies were received

from all of the railroads involved and they reported on the four heavy and ten light

repair facilities before mentioned.

1. Heavy Freight Car Repair Facilities

The four reports covering heavy car repair facilities are considered too few to be

used as a basis for determining a trend toward changes in design or operation of such

facilities. Three of the four replies stated that the new layouts did not contain any

unusual features. The fourth railroad replied at considerable length regarding unusual

features in a new yard which was constructed in 1929. As this statement may be of

interest, it is given herewith.

These car shops are used for making heavy repairs to practically all our

freight cars. They were designed for quickly and efficiently making these repairs

under all weather conditions with a minimum of heavy labor and movement of

cars and material. The location was chosen to provide ample room for the shops

and storage tracks, also to be near the largest freight terminal on the system,

which is located about central with respect to freight movement. These shops

were designed for making both progressive and non-progressive repairs. By the

progressive system, cars move in a straight line through the shop to various sta-

tions where the material has been placed for application. By the non-progressive

system, the cars are placed on tripods and the material for application is delivered

to these locations. The progressive system is used mostly for coal cars of a given

series, which require the renewal of side and end sheets, or the renewal of hopper

and floor sheets at about the same time. This system is also used for improvement

programs for a series of cars requiring extensive changes or renewal of parts of a

similar nature.

Shops and office buildings are of brick and steel with the exceptions of the

rivet burning shop, which has corrugated steel sides and ends. The three main

buildings, east and west, are an 80-ft. by 7S0-ft. rivet burning shop; a car repair

shop having one progressive repair bay 80 ft. by 750, and one non-progressive

repair bay 80 ft. by 750 ft.; and a paint shop 90 ft. by 675 ft. These three main

buildings are in about a straight line, with ample space between buildings for

storage and handling of cars from one building to another by means of car pullers.

At the east end and along the sides of the rivet burning shed are storage

tracks of ample capacity for storing bad-order cars that are to go through shops

for repairs. These tracks are so arranged that cars can be easily switched out each
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day for the next day's work. Along the south side of tracks leading from the

rivet burning shop to the car repair shop and about midway between these two

shops, is located the power house with coal and ash handling facilities. This power

plant furnishes compressed air for the entire plant and steam heat for all buildings.

Unit heaters are used in all shop buildings.

Between the power plant and the truck shop (which adjoins the car repair

shop on the south side at the east end) is a 50-ft. by llS-ft. wheel shop. This shop

is equipped for fitting up and mounting wheels and axles, turning steel wheels and

truing journals of mounted wheels. A dismantling press is located under roof on a

platform outside of wheel shop. Ample provision is made for storage of wheels,

axles and mounted wheels. The truck repair shop, 80 ft. by 100 ft., is served by

a 10-ton overhead electric crane, and at a lower level by 5 -ton traveling electric

hoists with push-button control from the floor. This shop has a depressed floor

or pits between and at the sides of the track rail supports. At present one track

only is used for truck repairs.

At the southwest corner and adjoining the car repair shop on the south is an

80-ft. by 175-ft. smith and fitting up shop. This shop is served by a iS-ton over-

head traveling electric crane, also by jib cranes. Most of the fabricated parts are

purchased. Some parts are fabricated and most of the forgings are made at other

company shops. Just east of the smith shop is a building in which coupler parts

are reclaimed.

South of the truck shop and smith shop, and between these buildings and the

store room, is a crane runway 80 ft. wide by 750 ft. long with one iS-ton over-

head traveling electric crane. This space is used for unloading material from cars

and storing heavy material. Storage platforms and racks are provided at both

sides of runway for the lighter material. A IS-ton transfer crane along the west

end of car repair and smith shops transfers material to the cranes on east and

west runways in these shops. A 60-ft. by 100-ft. store room with offices on the

second floor, is located just south of and at the east end of the material crane

runway.

On the north side of the car repair shop and parallel with it are four outside

car repair tracks, having a total capacity of about 60 cars. To the north and at

the east end of these tracks is a shed for storing lumber. These tracks are used

when needed for miscellaneous repairs, or when the car repair shop is being used

to full capacity. At times, wooden box cars are dismantled on these tracks. The

stencil room where stencils are machine cut, the air brake shop and pipe shop are

located along the south side of the paint shop.

The following is a brief description of the three principal shop buildings and

the operations through these buildings:

The rivet burning shop has three tracks. The two tracks at the sides are

used for burning rivets by the electric process and removing sheets, etc., to be

scrapped. All cars to be repaired on the progressive tracks, or cars for program

work, pass through this shop. Other cars repaired on the non-progressive tracks

also pass through this shop where a considerable amount of rivet cutting and

removal of parts is necessary. Steel cars are also cut up and dismantled in this

shop which is equipped with a five-ton overhead electric traveling crane with

magnet for loading scrap in cars on the center track. Power shears are located in

the shop building for cutting up heavy scrap before loading.

Cars are marked up to designate the class of repairs or work to be done and

are switched out of bad order storage tracks and pushed into the east end of the
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rivet burning shop. The next day's supply of cars lor repair shop are pushed out
of the west end of the rivet burning shop to storage tracks leading to the car

repair shop. The south or progressive bay of the car repair shop has two working
tracks and a central material handling track. Most of the heavy material is

handled to and in the car repair shop by two 15 -ton overhead electric cranes

traveling the full length of the shop and the material is placed at spot stations

along the two working tracks where it is to be applied. From the west end of this

bay and extending 450 ft. east are runways for 12 ly^-ton sub-assembly cranes

over each of the two working tracks. The sub-assembly cranes are located below
the 15-ton cranes and are operated by push button control from the floor. These

cranes are used for applying sheets and other heavy parts to the cars.

Cars are pulled by car pullers one at a time on each track into the east end

of the progressive bay when both tracks are being used for progressive repairs.

At the first station, which is just inside the shop, the cars are Ufted by the two
overhead cranes and placed on tripods. The trucks are handled by truck turntables

and a cross track to the wheel shop. While the trucks are being repaired and
necessary wheels changed, work on the car underframes, especially at the truck

locations, is completed. The repaired trucks are then returned and placed under

the cars. This operation requires approximately thirty minutes, and the car on

first position is pulled by car puller to the second position and so on to the various

positions on the tracks. When a car is pulled to the first position on the east end

of track, assuming that the track is full, a repaired car is being pulled or has been

pulled from the last position at the west end of the track.

This progressive repair bay can be used for either the progressive or non-

progressive method of repairs. The progressive method works well where a con-

siderable number of cars require about the same material for heavy renewal of

parts; however, it is necessary to plan the shopping program in advance and to

have the necessary material on hand.

The north or nonprogressive bay also has two working tracks and a central

track, with concrete truckways between them. This bay is also served by two
iS-ton overhead electric cranes traveling the full length of the building. One por-

tion of the central track is elevated and equipped with overhead traveling electric

hoists for repairing trucks. Also along with central track, woodworking machinery

is installed to facilitate repairs to cars of part wooden construction. Material from

storage platforms is handled into and through this bay either by overhead cranes

or by tractors and traUers. In this bay cars requiring heavy truck repairs or the

changing of wheels, are placed on tripods and the material is delivered to the car.

Mounted wheels are handled to and from the wheel shop with tractors and wheel

buggy trailers. Cars enter the east end of this bay and are pulled by car pullers

or switched out of the west end of the bay.

Both bays of this shop, also the other shops and points where air is needed,

are provided with ample outlets for the use of pneumatic tools, and electric heaters

at convenient locations are used for heating rivets. Portable oxyacetylene equip-

ment is used in these shops. This may later be replaced by an oxyacetylene pipe

line system as has been done at our other locomotive shops.

After cars have been repaired and pulled out of the west end of the two
repair bays, they are assembled by the use of car pullers on tracks at the west end

of car repair shop and along the south side of the paint shop. Except in bad
weather the cars are spray painted on these tracks. The stenciling is done in the

paint shop. These tracks lead into a ladder track, extending west of the paint
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shop. From this ladder track these cars are switched into the west end of the

paint shop. This shop contains 5 tracks with a capacity of 16 cars each, or a

total capacity of 80 cars. These tracks are dead-end at the east end of the building.

The floor of this shop is depressed between track rail supports for convenience

of underneath painting, also for the completion of pipe and air brake work and

final inspection, which is done in this building. While the cars are in this shop,

the journal bearings and wedges are examined and boxes are packed. Also any

small items of repairs, which have previously been overlooked, are corrected.

After all the work has been completed and final inspection has been made,

the cars, usually all cars on one track at one time, are switched out of the west

end of the paint shop. They then travel east on the scale track and over scales

located south of the paint shop where the lightweight of each car is recorded.

The cars then continue east to ready tracks located along the south side of shop

buildings.

Cars repaired on the four outside repair tracks located north of the car

repair shop are handled from the bad-order storage tracks, either through the rivet

burning shop, or on a track north of that shop. All cars from the bad-order

storage tracks can be handled direct to all repair tracks, either through the rivet

burning shop, or to the north side of it. Cars repaired on these outside tracks are

either spray painted on outside tracks or are switched into the west end of the

paint shop for painting, depending upon weather conditions. The stenciling and

other finishing up work is done in the paint shop the same as for cars repaired in

the car repair shop. All cars, whether repaired in the car repair shop or on outside

tracks, travel in practically a straight line from the bad-order storage tracks

located at the east end of the yard to the west end of the paint shop located at

the west end of the yard.

2. Light Freight Car Repair Facilities

Following is a summary of the answers received to the questionnaire covering the

facilities for light freight car repairs. These ten yards were constructed subsequent to

192S and are located between Quebec, Canada, and Virginia, U.S.A., and are east of the

Mississippi River.

1. Car Capacity of Tracks

The car capacity of tracks in the yards reported were:

Car Capacity Number
of Tracks of Tracks

10 to 14 cars inclusive 5

15 to 19 cars inclusive 9

20 to 24 cars inclusive 6

25 to 29 cars inclusive 13

30 to 34 cars inclusiv-e 12

35 to 39 cars inclusiv'e 7

40 to 44 cars inclusive

45 to 49 cars inclusive 1

SO to 55 cars inclusive 1

2. Length Allowed Car in Computing Capacity of Track

Length Allowed Number
per Car, Feet of Yards

45 to 50 2

50 4
55 1

60 3
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3. Track Centers

Track Centers Number
Feet of Yards

IS and 25 alternate

*18 and 22 alternate

18 and 22 alternate

18 and 24 alternate
**18 and 24 and 26 alternate

19 and 22 alternate

*20 uniform
22 uniform
24 uniform

* Has narrow-gage material track between wide-centered tracks.
** Has standard-gage material track between wide-centered tracks.

4. Material Tracks or Driveways Between Repair Tracks

Out of the ten yards, seven have paved driveways and three have material tracks

between repair tracks spaced on wide centers, to facilitate transportation of materials

and suppHes. Concerning one of the three yards having standard-gage material tracks,

the railroad stated, "The principal reason for using push car tracks is that this is a

converted yard and these tracks were available."

5. Special Equipment Used to Transport Materials and Supplies

(A) Using Material Tracks.—Of the railroads reporting the three yards with mate-

rial tracks, two reported the use of no special equipment and one reported that push

cars are used on the standard-gage material tracks between the repair tracks.

(B) Using Paved Drive:ways.—The railroads reporting on yards having paved drive-

ways to facilitate transporting materials and supplies, list numerous types of equipment

and vehicles as follows: Tractor and trailer, hand lift truck and skids, crane truck,

power tractor, light power material wagon and motorcycle, crane car, two-wheel hand

truck, gasoline tractor, light crane on rubber tires, jib crane having pneumatic geared

hoist, platform lift hoist, rotating boom tractor, rubber tired two-wheel flat platform

wheel cart, rubber tired air brake tool and material cart, rubber tired dope cart and

rubber tired repack cart.

6. Effect of Equipment and Vehicles on Spacing of Tracks

The one answer received concerned a yard using paved driveways and stated that,

"Track spacing (22 ft.) is adequate, there being ample room for the use of all of this

special equipment and the tractor."

7. Description of Any Unusual Feature of Yard

Replies received were as follows:

(a) All buildings are of concrete blocks and are located in the center of the

. yard; in other words, there are repair tracks on both sides of the buildings in

order to faciUtate procuring of material and avoid the necessity of going long

distances for it. Carrying out this idea, there is an incinerator and also a wheel

bed at each end of the yard, and the main shop and mess room are centrally

located to avoid loss of time.

(b) The air line is carried overhead.

(c) The drop pit for changing coach wheels, etc., was also installed in this

yard. Yard lighting is provided from extension cords only, which are located

approximately 100 ft. center to center.
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(d) The yard lighting is provided by 200-watt electric lights suspended over

each platform at a height of approximately 2S-ft. every 80 ft. along the platform.

These lights are supported from a catenary suspension which spans the entire five

tracks and has proved quite satisfactory.

(e) The principal feature of this light repair yard is the spot system for

removing and applying wheels. This work is done at one point on each of two

dead-end tracks adjacent to the repair tracks. These two parallel tracks are spaced

18 ft. center to center and the dead ends beyond the point for removal and

application of wheels provide for storage of about 10 cars each.

Fig. 1 shows the general outline of the wheel changing arrangement and wheel

storage tracks where one wheel changing track is used. Where two tracks are used, the

arrangement is the same for both tracks except that the jib crane is provided with two

arms instead of one as shown in Fig. 1.

The track or tracks on which wheel changes are made by the spot system are slightly

inclined or elevated toward the dead end of the tracks so that the cars may be more

easily moved to and from the jacking positions with car puller. Following is a brief

explanation of the operation of the spot system for removing and applying wheels:

Cars having one or more pairs of wheels to be changed are switched out and

pushed over the pit or point for changing wheels to the storage end of track. If

there are a sufficient number of cars, this storage end of the track is filled.

Assuming that the first car (the car nearest the point where wheels are to be

removed) requires one or more pairs of wheels to be changed in each truck,

several or all of the cars are pulled back until the front end of the first car is

over the first jacking position. This end of the car is raised and the truck rolled

under the jib crane. The two outside chain hoists are attached to the truck side

frames and the central chain hoist to the truck bolster. The bolster is raised to

permit removal of springs and spring plank. The side frames are slightly raised

for the removal of journal bearings and wedges. The bolster is lowered to clear

lugs and the side frames are moved outward to permit the wheels to be rolled over

the depressed air jacks. The wheels are then raised, turned a quarter turn and

lowered on cross rails. From this position they are rolled to a narrow-gage wheel

buggy and handled to the wheel storage tracks.

At this time the other necessary repairs are made to the truck and the wheels

are moved from the wheel storage track, application to the truck and placing the

truck under the car being in reverse order. The car is then uncoupled and pulled

into position so that the rear end of the car is in the second jacking position and

the same operations are repeated. The next car handled pushes the first car from

its last jacking position. This spot system of changing wheels is used at all of the

more important repair yards on this railroad and has eliminated at least SO per-

cent of the time and labor formerly required for changing wheels. This arrange-

ment greatly reduces the heavy labor and the older men can be used to advantage

on this class of work. The necessary truck repair parts are kept at these wheel

changing tracks and this eliminates the handling of mounted wheels, and, to a

large extent, the handling of jacks and other heavy tools, also other truck repair

parts to various points in the repair yards.

8. Have Facilities Proved Satisfactory?

All reported that the yards have proved satisfactory.
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9. What Changes Would Be Made If Constructed Now?
Replies were received as follows:

In one yard where paved driveways were provided between tracks on wide centers

(22 ft.) and none between tracks on narrower centers (19 ft.) the reporting railroad

stated that a paved roadway should be provided between tracks on 19-ft. centers as well

as a paved working space 6 ft. wide along the outside of the outside track. Paving this

area would expedite the moving of jacks and decrease the hazard of injury to workmen.

It is the intention to do this work as soon as paving materials, not now available because

of war conditions, can be obtained.

Another railroad reported that the driveways which are cinder filled should either

be paved or equipped with material tracks and motorized equipment to operate thereon.

Further improvement could be made by increasing the capacity of some of the buildings,

particularly the mess room, air brake shop and material supply room.

Another yard was rearranged from existing tracks and as a whole has been satis-

factory. The report stated that if an entirely new yard were to be built with unlimited

space, possibly some changes would be made. It stated also that paved driveways between

tracks, and tractor and trailer equipment for handling material and supplies have some

advantages where such equipment can be procured and where a considerable amount of

material is being handled.

Comments

A review of the replies received indicates that the light repair yards constructed since

1925 have all proved generally satisfactory. They differ in certain respects from AREA
recommended practice and have new features that are not mentioned in the Manual.

These facilities and features are:

1. Car capacity of repair track.

3. Spacing of repair tracks.

4. Material tracks or driveways between repair tracks.

5. Special equipment used to transport material and supplies.

6. Effect of equipment and vehicles on spacing of tracks.

9. Changes or improvement that could be made.

1. Car Capacity of Repair Tracks.—The replies show that only 26 percent of the

tracks have a capacity of less than 20 cars and that 59 percent have a capacity of between

20 to 39 cars and 46 percent of all tracks reported have a capacity between 25 and 34

cars. Sixty-three percent of the tracks exceed 24 car capacity. These capacities in the

yards that have proved satisfactory are much greater than that recommended in the

Manual which reads as follows: ".
. . should not exceed 15 cars each . .

.".

3. Spacing of Repair Tracks.—As stated before, three of the yards reported have

material tracks for transporting material and supplies, whereas seven yards have paved

driveways. Out of these seven yards, one has track centers IS and 25 ft. alternately.

The other six report tracks variously spaced, either uniformly or with alternate narrow

and wide spaces, as cited above, with a minimum of 18 ft. The Manual does not contaiii

recommendation for track centers in yards using paved driveways.

4. Material Tracks or Driveways Between Repair Tracks.—The replies show that

the practice in recent years has been to provide paved driveways between the repair

track rather than material tracks.

5. Special Equipment Used to Transport Material and Supplies.—With the advent of

paved driveways to facilitate transporting material and supplies a large variety of

motorized and hand drawn vehicles and equipment is now being used.
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6. Effect of Equipment and Vehicles on Spacing of Tracks.—The replies indicate that

the tracks in yards having paved driveways should be spaced generally the same as tracks

in yards provided with material tracks. This is indicated by the track spacing of recently

constructed yards having paved driveways, which have proved satisfactory.

9. Changes or Improvement That Could Be Made.—According to the report, greater

efficiency in moving equipment and greater safety for the workmen are assured if the

narrow center spaces between repair tracks are also paved.

Report on Assignment 9

Bibliography on Subjects Pertaining to Yards and Terminals

Appearing in Current Periodicals

E. E. R. Tratman (chairman, subcommittee), G. F. Hand, M. H. Dick.

The bibliography on yards and terminals follows the same style and classification

as in former years, including brief notes to indicate the character of some of the items.

It indicates that in spite of troubles and difficulties incident to war conditions, the rail-

roads are steadily active in both research work and practical improvements.

War correspondents of the daily press in reporting bomb damages by American

aviators to the railroads of the axis countries in Europe have referred occasionally to the

destruction of "marshalling yards". An editorial of the Chicago Tribune, in jocose vein,

asked what were such yards and if they had any connection with field marshals. A brief

letter of reply from the subcommittee chairman was published, explaining that mar-

shalling yards are freight yards of the type which in this country are called classification

yards. It pointed out, also, that as bomb damage would rarely be confined to specific

parts of yards it would be clearer for the dispatches to mention simply that "freight

yards" were bombed and damaged.

General

Air Transport—Cargo possibilities not great—The Engineer (London), 1943, June 11,

p. 468.

Air Transport—Prospective fields for Latin-America—Mechanical Engineering, 1943,

September, p. 649.

Air Transport—Review of possibilities; passenger and freight—Railway Age, 1942,

November 14, p. 774; December 5, 12, 19 and 26, pp. 920, 954, 990, 1034; 1943,

January 30, p. 296; May 15, p. 922; June 12, p. 1189.

Air Transport—St. Louis-San Francisco (through Frisco Transportation Co.) plans to

operate air routes for passengers, mail, and freight—Railway Age, 1943, August 7,

p. 254.

Blackouts—Blackouts and protective lighting at yards, shops, stations, bridges, and engine

terminals—Railway Age, 1942, December 26, p. 1028; Railway Engineering and
Maintenance, 1942, November, p. 842.

Buildings—Cleaning masonry—-American Railway Bridge and Building Association, Pro-
ceedings, 1942; Railway Engineering and Maintenance, 1942, November, p. 830.

Buildings-^Fireproof construction and fireproofing of terminal buildings, shops, yard
towers, and signal cabins—Railway Age, 1942, December 19, pp. 990, 992; Railway
Signaling, 1943, July, p. 378.

Buildings—Substitutes for critical materials—AREA, Proceedings, 1943, p. 247.

Buildings—^Treated timber in construction—Railway Engineering and Maintenance, 1943,

January, p. 41 ; April, p. 282.

Buildings—London & Northeastern Railway; section houses of precast concrete slabs

—

Railway Gazette (London), 1943, September 3, p. 231.
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Coordinated Traffic—London, Midland & Scottish Railway (England) ; transfer service

to consolidate small shipments and expedite deliveries of trucks—Railway Gazette

(London), 1943, March 12, p. 265.

Coordinated TrafiBc—British Railways own and operate 10,400 motor-vehicles—Railway
Gazette (London), 1943, August 27, p. 198.

Coordinated Traffic—Bus and truck operation in 1942—Railway Age, 1943, January 2,

p. 132.

Coordinated Traffic—Boston & Maine contracts with trucking companies—Railway Age,

1942, October 24, p. 670.

Coordinated Traffic—Chicago, Rock Island & Pacific acquisition of trucking concerns

disapproved by I.C.C.—Railway Age, 1943, March 13, p. 528.

Coordinated Traffic—Conference of AAR, American Trucking Association and Office of

Defense Transportation—Railway Age, 1943, September, p. 425.

Floors and Platforms—Wearing surfaces for different purposes—Railway Age, 1942,

November 7, p. 737; American Railway Bridge and Building Association, Proceed-

ings, 1942; Railway Engineering and Maintenance, 1942, November, p. 824; 1943,

January, p. 42; April, p. 283.

Floors and Platforms—Platforms of Seaboard new station at Raleigh—Railway Age,

1943, June 26, p. 1259.

Great Lakes—Ore and grain traffic—Railway Age, 1942, December 5, p. 934; Canadian

Transportation, 1943, April, p. 213.

Great Lakes—New ore steamers—Marine Engineering, 1942, September; 1943, September.

International Railway Associations in Europe—Conferences as to standards—Railway
Gazette (London), 1942, December 4 and 11, pp. 549, 575.

Sidings—Bessemer & Lake Erie; passing sidings and CTC—Railway Age, 1943, February

27, p. 435.

Sidings—Chicago, Burlington & Quincy; passing sidings extended and given power-

operated switches for CTC operation—Railway Age, 1943, May 8, p. 912.

Sidings—Seaboard Air Line; passing sidings—Railway Age, 1943, May 15, p. 942.

Sidings—New York Central; new siding with signals and power switches, with CTC,
increase traffic capacity—Railway Age, 1943, January 23, p. 249.

Sidings—New York, Chicago & St. Louis, signaling practice at passing sidings—Railway

Signaling, 1943, July, p. 364; Railway Age, 1943, July 17, p. 89.

Sidings—Union Pacific, double passing sidings—Railway Signaling, 1943, September,

pp. 472, 487.

Sidings—Occupancy signals for passing sidings—Railway Signaling, 1943, September,

p. 490.

Sidings—Passing sidings on 175 miles of single track with CTC system—Railway Age,

1943, September 4, p. 371.

Sidings—Rearrangement of passing sidings to increase traffic capacity—AREA, Proceed-

ings, 1943, p. 169.

Sidings—Signals and speeds at turnouts of passing sidings—Railway Signaling, 1943,

August, p. 433.

Track—Power-operated switches on Texas & Pacific—Railway Age, 1942, November 25,

p. 878.

Track—Pressure grouting of ballast and subsoil at wet spots and on industry tracks

—

Concrete for Railways (bulletin of Portland Cement Association), Vol. 6, No. 4.

Track—Terminal Junction interlocking and signaling of Pacific Electric at Los Angeles-

Railway Signaling, 1943, August, p. 409.

Trains—Train capacity of single-track lines increased under war conditions—AREA,
Proceedings, 1943, p. 173; Signal Section, AAR, Proceedings, 1943, Vol. 40, No. 1,

p. 11-A.

Trains—Train-hour value; methods of calculation—Signal Section, AAR, Proceedmgs,

1943, Vol. 40, No. 1, p. 25-A.

Trains—Train resistance of freight trains—AREA, Proceedings, 1943, p. 190.

Trains—War traffic assisted by CTC system on Texas & Pacific—Railway Age, 1942,

November 28, p. 875.

Trains—Station delays and methods of reducing them—American Association of Railroad

Superintendents, Proceedings, 1942; Railway Gazette (London), 1943, May 21,

p. 501.

Trucking—Analysis of road traffic and loads—Public Roads (U.S. Public Roads Admm-
istration), i943, July-August-September.
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Trucking—Freight moved inbound in Canada—Canadian Transportation, 1942, Novem-
ber, p. 537.

Trucking—Limiting competition with railways—Railway Age, 1943, February 20, p. 409;
March 6 and 20, pp. 474, 595.

Trucking—Long hauls not advisable—Railway Age, 1943, June 5, p. 1129.

War Traffic—Growth of railroad war traffic—Railway Age, 1943, March 12 and 27,

pp. 522, 634; May 1, 15 and 22, pp. 870, 877, 960,'l0Q9, 1064.

Passenger Stations and Terminals

Berne—Swiss Federal Railways; alternative plans for new station; deep sidehill cut with
retaining wall, or tunnel with lateral openings through sidehill slope—Railway
Gazette (London), 1942, October 20, p. 422.

Brooklyn—Long Island Railroad; subway A]^ miles replaces surface and elevated lines

on Atlantic Avenue, highway on roof—Engineering News-Record, 1943, January 7,

p. 4.

Buenos Aires—E.xtension of underground railway 10 miles to connect passenger terminals

and serve suburbs—The Engineer (London), 1943, February 26 and March 5, pp.
166, 184.

Burlington—New Chicago, Burlington & Quincy station replaces one destroyed by fire

—

Railway Age, 1943, May 29, p. 1117.

Chicago—Exhibition trips in State Street subway—Engineering News-Record, 1943,

April 1, p. 463.

Des Moines—Modernizing stations of Rock Island Lines at Des Moines, Little Rock and
smaller towns—Railway Age, 1942, November 14, p. 780.

Dunkirk—New York Central new station on track elevation—Railway Age, 1942, Sep-
tember 19, p. 445.

Edinburgh—London & Northeastern Railway uses loud speakers at Waverley Station

—

Railway Gazette (London), 1943, July 30, p. 121.

England—Bomb damage and repairs at large stations—Railway Gazette (London), 1942,

September 25 and December 18, pp. 25, 305; 1943, January 2, pp. 148; September 3,

p. 236.

England—War effects on station operation and train delays—Railway Gazette (London),
1943, May 21, p. 507.

Johannesburg—South African Government Railways propose reconstruction of station

—

Railway Gazette (London), 1943, August 20, p. 180.

London—Rearrangement of all terminal stations and connections proposed by London
County Council—The Engineer (London), 1943, July 23, p. 62; Railway Gazette
(London), July 16, p. 55; August 27, pp. 199, 202.

London—Taxi shortage at Waterloo terminal leads Southern Railway to require pas-

sengers to form queues—Railway Gazette (London), 1942, September 25 and
October 2, pp. 311, 329.

London—Signs guide passengers to train platforms at Waterloo terminal, on account of

shortage of station staff—Railway Gazette (London), 1943, September 10, p. 267.

London—^Temperature and ventilation tests in tube railways—Railway Gazette (Lon-
don), 1943, July 9, p. 30.

Montreal—Opening of new terminal station of Canadian National Railways, 14 tracks,

$27,000,000—Engineering News-Record, 1943, July 22, p. 175; Railway Gazette
(London), 1943, July 2, p. 10; Railway Age, 1943, July 31 and August 7, pp. 201,

234; Canadian Transportation, 1943, July and August, pp. 333, 411.

Montreal—Public address or loud speaker system at Windsor terminal of Canadian
Pacific—Canadian Transportation, 1943, February, p. 53.

Moscow—Subway extension 4^ miles, with stations—Engineering News-Record, 1943,

January 14, p. 22.

Neuchatel—New station of Swiss Federal Railways of unusual length, as widening is

impracticable—Railway Gazette (London), 1942, October 9, p. 347.

New York—Comprehensive passenger, freight, and steamship terminal on East Side;

post-war project—Railway Age, 1943, February 6, p. 237.

Oran—Station on North African lines of P.L.M.R. (France), picture only—Railway
Gazette (London), 1942, November 27, p. 527.

Raleigh—Through station replaces stub terminal of Seaboard Air Line—Railway Age,

1943, June 20, p. 1256.
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Rome—Ostiense Station built for Hitler's visit in 1933; outside of bombed area, pictures

only—Railway Gazette (London), 1943, August 27, p.ZlO.

San Antonio—Mission style stations on Missouri-Kansas-Texas and International Great

Northern, pictures only—Railway Age, 1943, April 17 and May 1, pp. 785, 858.

Torreon—National Railways of Mexico plan passenger and freight terminals and shops,

$2,250,000—Engineering News-Record, 1943, August 26, p. 375.

Valencia—Spanish government railways plan 2 -mile underground line for urban traffic

and to connect passenger terminals—Railway Gazette (London), 1942, October 2,

p. 319.

Washington—Bus and automobile terminal in War Department Building, with electric

dispatching system, to handle 30,000 passengers in an hour—Engineering News-
Record, 1943,' March 25, p. 420.

Washington—Union Station heavy passenger traffic—Railway Age, 1942, December 5,

p. 940; 1942, May 1, p. 871.

Wellington—New Zealand Government Railways; concourse has skylight roof carried by
concrete arches—Railway Gazette (London), 1943, July 2, p. 18.

Winnipeg—Ticket office of Canadian National—Canadian Transportation, 1942, October,

p. 567.

Bus Station—Boston, at Kenmore station of Boylston Street subway—Bus Transporta-

tion, 1943, August, p. 35.

Bus Station—Montreal, Provincial Transport Company—Bus Transportation, 1942,

December, p. 538.

Bus Station—New York; proposed post-war developments—Civil Engineering, 1943,

August, p. 353.

Bus Station—Washington; in War Department Building—Engineering News-Record,
1943, March 25, p. 420.

Coach Yards—Chicago & Northwestern; facilities for servicing streamline trains at Chi-

cago—Concrete for Railways (Bulletin of Portland Cement Association), 1943, Vol.

6, No. 3.

Coach Yards—Car wshine; machine for electric equipment on Southern Railway (Eng-

land)—Railway Gazette (London), 1943, September 10, p. 262.

Coach Yards—Water hydrants for supply to cars; Public Health Service Regulations

—

AREA, Proceedings, 1943, p. 151.

Elevators^—Inspection and safety of elevators and escalators^—Mechanical Engineering,

1943, June, p. 433.

Lighting—Lighting passenger platforms for safety—Railway Age, 1943, June 12 and 26,

pp. 1167, 1249.

Loud Speakers—Train announcements at stations on London & Northeastern Railway

(England) ; arrivals, departures, advice as to baggage, etc.—Railway Gazette (Lon-

don), 1943, January 8 and July 30, pp. 54, 121.

Ramps—Office building of War Depaitme.it at Washington with 30.000 employes has

ramps up to 10 percent grade connecting the floors to expedite movements of crowds

of workers—Engineering News-Record, 1942, October 22, p. 105.

Stations—Cleanliness of stations an asset in pubHc opinion—Railway Age, 1942, Novem-
ber 7, p. 736; American Railway Bridge and Building Association, Proceedings, 1942

Stations—Drinking water standards revised by Public Health Service—AREA, Proceed-

ings, 1943, p. 149.

Stations—Delays due to station work—American Association of Railroad Superintendents,

Proceedings, 1942; Railway Gazette (London), 1943, January 8, p. 33.

Stations—Modernizing present stations—AREA, Proceedings, 1943, pp. 223, 349, 681;

Railway Age, 1942, November 14, p. 780; 1943, April 10, p. 711.

Traffic—War-time passenger traffic—Railway Age, 1942, November 21, pp. 814, 830, 841.

Trains—Servicing troop trains on Southern Pacific—Railway Mechanical Engineer, 1942,

September, p. 390.

Freight Stations, Terminals & Yards

Baltimore & Ohio—Car detentions reduced—Railway Mechanical Engineer, 1942,

November, p. 467.

Chicago, Burlington & Quincy—New hump yard at Galesburg with car retarders, power

switches and yard control tower—Railway Age, 1943, March 6 and June 5, pp. 454,

4S9, 1131.
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Missouri Pacific—Yard at Ossawatomie, Kansas—Railway Age, 1943, July 10, p. 61.

Norfolk & Western—Reconstruction of hump yard and terminal facilities at Roanoke

—

Civil Engineering, 1943, July, p. 307.

Richmond, Fredericksburg & Potomac—Terminal and yard operation at Alexandria

—

Railway Age, 1942, December 5, p. 928.

Southern Pacific—Servicing trains of war material—Railway Mechanical Engineer, 1942,

September, p. 390.

Southern Pacific—Heavy traffic handled—Railway Age, 1943, April 17, p. 779.

Terminal Railroad Association—Operating of heavy traffic at St. Louis terminals—Rail-
way Age, 1942, October 24, p. 655.

Washington Terminal—U.S. Supreme Court decides against railroad in suit over work
and pay of yard crews—Railway Age, 1943, June 19, p. 1237.

Western Pacific—Yard operation—Railway Age, 1943, March 27, p. 612.

Car Retarders—Expediting classification yard movements—Railway Signaling, 1942,

November, p. 605.

Car Retarders—Review of experience in 1942—Railway Age, 1943, January 2, pp. 31, 131.

Coal Traffic—Coal movements through ports—Railway Age, 1942, October 31, p. 706.

Coal Tipples—Norfolk & Western at Pond Creek and Schuyler plant at Rushville, Illinois

—Coal Age, 1942, December, p. 65; 1943, January, April and May, pp. 62, 65, 80.

Coal Tipples—Cars handled by oil-engine locomotives—Coal Age, 1943, July, p. 55.

Coaling Plant—Plan for 4-ton drop bottom containers loaded at pit head, transported
on fiat cars and handled by crawler cranes to fill tenders—Railway Gazette (Lon-
don), 1943, August 26, p. 202.

Cold Storage—New plants—Refrigerating Engineering, 1943, June, p. 416.
Cold Storage—Refrigerating equipment—AREA, Proceedings, 1943, p. 313.

Freight Forwarders—Operations considered by ICC—Railway Age, 1943, April 3, p. 686.

Icing Plant—^Motor-truck plant serving refrigerator cars on Canadian Pacific—Railway
Gazette (London), 1943, August 27, p. 209.

Grain Transfer—Plant on London, Midland & Scottish Railway transfers grain from cars

to canal boats by belt conveyor—^The Engineer (London), 1943, February 12, p. 142.

Industry Service—Cars delivered by road engines are moved to and from various parts

of industry plants—Railway Gazette (London), 1943, January 29, p. 108.

Lighting—Safe Ughting at railway facilities in war time—AREA, Proceedings, 1943, p. 123.

Oil Terminals—Terminals at Atlantic points expanded to expedite turn-around of tank
cars—Pipe Lines, 1943, April, p. 21.

Produce Terminals—Municipal market at Brooklyn, N.Y., with freight yards, buildings
and shed accommodation for 240 motor trucks—Wood Preserving News, 1943, Feb-
ruary, p. 13.

Refrigerator Cars-—-Service in war-time—Refrigerating Engineering, 1943, April, p. 243.

Scales—Specifications for hand-operated grain-hopper scales—^AREA, Proceedings, 1943,

p. 336.

Signaling—Equipment for a switching track—Railway Signaling, 1942, September, p. 498.

Stock Yards—Controversy over handhng cars at Cleveland Stock Yards—Railway Age,
1942, November 14, p. 795; 1943, May 29, p. 1111.

Switching Locomotives—Atlantic & St. Andrews Bay; oil-engine locomotives in switch-
ing and road service—Railway Age, 1943, May 1, p. 852.

Switching Locomotives—Boston & Maine; oil-electric engines at small industry terminals
—Railway Age, 1942, October 10, p. 558.

Switching Locomotives—Canadian National and Grand Trunk Western; oil-electric

engines of 1000 h.p., 120 tons—Canadian Transportation, 1942, December, p. 683.

Switching Locomotives—Canadian Pacific; 1000 h.p., 115 tons—Canadian Transportation,
1943, August, p. 405.

Switching Locomotives—London, Midland & Scottish Railway; development and oper-
ating methods—-Railway Gazette (London), 1942, November 27, December 4 and 11,

pp. 518, 551, 576.

Switching Locomotives—Economy of oil-electric engines; releasing steam engines for road
service—Railway Age, 1943, February 6, p. 310.

Yards—Communication systems used by Alton & Southern, Chicago & North Western
and New York Central—^Telegraph and Telephone Section, AAR, Proceedings, 1942;
Railway Signaling, 1942, November, p. 605.

Yards—Improvements in 1942—Railway Age, 1943, January 2, pp. 20, 30, 73, 77.
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Yards—Inadequate vards are bottlenecks in traffic movements—Railway Age, 1943, Mav
IS, p. 941.

Yards—Lubrication to reduce wear on ladder tracks—Railway Engineering and Main-
tenance, 1943, February, p. 119.

Yards—Maintenance work for heavy service—Railway Age, 1943, July 24, p. 168.

Yards—Speeding up yard movements—Railway Age, 1942, October 24, p. 638; 1943,
April 10 and May 22, pp. 704, 1027.

Yards—Switching at small industrial centers on Boston & Maine—Railway Age, 1942,
October 10, p. 558.

Yards—Yard and siding construction for Army camps and munition plants—Railway Age,
1943, January 2, pp. 40, 73.

Yards—Speeding up yard movements and winter work—Railway Age, 1942, October 24,

p. 638; 1943, April 10 and May 22, pp. 704, 1027; Railway Engineering and Main-
tenance, 1942, December, p. 903.

Locomotive Terminals and Railroad Shops

Baltimore & Ohio—Terminal for heavy coal train service at Cowen, W. Va.; engine house
of through-track type—Railway Age, 1943, September 11, p. 414.

Canadian National—Car repair shops at Montreal terminal station—Canadian Trans-
portation, 1943, May, p. 217.

Chicago & Northwestern—Improvements at Chicago shops—Railway Age, 1943, June 19,

p. 1210.

Delaware, Lackawanna & Western—Longitudinal operation of locomotive erecting shop
at Calonie, N.Y.—Railway Age, 1942, November 28, p. 890.

Norfolk & Western—New engine terminal facilities at Roanoke—Civil Engineering. 1943,

July, p. 303.

L'nion Pacific—Fireproof shop buildings replace burned structures—Railway Age, 1943,
April 3, p. 666.

Union Pacific—Shorter turn-around time by improved facilities—Railway Age. 1943,

June 12, p. 1168.

Western Maryland—Engine terminal for servicing helper locomotives at Spruce, W. Va.
—Railway Age, 1943, May 29, p. 1107.

Ashpits—Rail fastenings at ashpits and turntables—American Railway Bridge and Build-
ing Association, Proceedings, 1942; Railway Engineering and Maintenance, 1942,
November, p. 813.

.Ashpits—Wet type on London, Midland & Scottish Railway has cages suspended from
trolleys and moved under engine ashpans—Railwav Gazette (London), 1943, June
25, p. 630.

CoaKng Stations—Service for modern operating conditions—Railway Engineering and
Maintenance, 1942, September, p. 604; 1943, January, p. 54.

Fuehng—Facilities for oil-engine locomotives—AREA, Proceedings, 1943, p. 229; Railway
Engineering and Maintenance, 1943, April 17, p. 763.

Engine Terminals—Methods of speeding up operation—Railway Engineering and Main-
tenance, 1943, May, p. 214.

Shops—Repair work in back shop—Railway Mechanical Engineer, 1942, December, p. 529.

Shops—Repair shop facilities for oil-engine locomotives—AREA, Proceedings, 1943, pp.
235, 241; Railway Age, 1943, May 8, p. 900.

Turntables—Conversion from balanced to three-point bearing, Canadian National—Rail-

way Engineering and Maintenance, 1943, January, p. 46.

Turntables—Pit wall of precast concrete blocks; Canadian National, Montreal—Concrete
for Railways (Bulletin of Portland Cement Association), 1943, No. 4, Vol. 6.

Water Service—Fireman injured in handling spout; Grand Trunk Western—Railwav Age,

1943, January 16, p. 220.

Water Service—Meeting modern operating conditions—American Railway Bridge and
Building Association, Proceedings, 1942; Railway Engineering' and Maintenance, 1942.

September, pp. 604, 617, 626; October, pp. 696, 733; November, pp. 820, 835;
December, pp. 899, 909; 1943, May, pp. 364, 376; Railwav Age, 1942, November 7,

p. 736.

Water Service—Advantages of water softening—Railway Age, 1943, April 24, p. 820;
Railway Mechanical Engineer, 1942, November, p. 458.

Water Service—Facilities and equipment for water treatment—AREA, Proceedings, 1943,

pp. 135, 145, 160, 162.
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Rail-and-Water Terminals

Liverpool—Extensive post-war improvements planned for docks and terminals—^The

Engineer (London), 1943, March 12, p. 216.

Mombasa—New shipping berths, cargo handling equipment and coaling facilities—Rail-

way Gazette (London), 1943, May 21, p. 504.

Montreal and \'ancouver—Port and harbor facilities—Canadian Transportation, 1942,

November, p. 673; December, p. 735.

Sault Ste. Marie—New lock, 800 ft. bv 80 ft., put in service July 11—Engineering News-
Record, 1943, July 15, p. 54.

Car Ferry—Steamer crossing Straits of Mackinac requisitioned by U. S. Government fol

ice breaking service; freight diverted to other routes Railway Age, 1943, April 24,

p. 841.

Car Ferrj'—Service between Malmo (Sweden) and Copenhagen (Denmark) abandoned in

July, 1942 on account of heavy port dues at Malmo, Halsingberg-Elsinore line still

operating—Railway Gazette (London), 1942, October 2, p. 329.

Car Ferry—New steamer for Nova Scotia and Prince Edward Island service—Canadian
Transportation, 1943, August, p. 445.

Car Ferry—Three-track barge, 232 ft. long, for 14 cars, handles Vancouver and Vancouver
Island service for Canadian Pacific—Canadian Transportation, 1942, November, p.

681 ; 1943, February, p. 100.

Inland Waterways—^Uses in war transport—^Marine Engineering, 1943, May, p. 189.

Ports—New ocean port for U. S. Army service—Engineering News^Record, 1943, June 17,

p. 84.

Ports—Demurrage on export freight charged at Canadian ports—Canadian Transporta-

tion, 1943, August, p. 395.

Ports—Regulations of ICC for coal movements at ports—Railway Age, 1942, October 31.

p. 706.

Ports—Traffic handling at North Atlantic ports in 1942—Railway Age, 1943, January 2,

p. 11.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Standardization of parts and accessories for railway maintenance motor cars.

Progress report, presented as information page 96

3. Manual of instructions for care and operation of maintenance of way work

equipment.

Progress report, presented as information page 93

4. Self-contained direct-blow gasoline tampers.

No report.

5. New developments in roadway machines.

Final report, presented as information page 100

6. Mowing machines.

Final report, presented as information page 102

7. Railway owned automotive equipment.

No report.

8. Power spike pullers.

Final report, presented as information page 109

9. Wire rope used with work equipment.

Final report, submitted for adoption and publication in the Manual page 110

10. Power saws for cutting rail.

Final report, presented as information page 111

AREA Bulletin 442, December 1943.

95
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11. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

Progress report, presented as information page 112

The Committee on Maintenance of Way Work Equipment,

C. H. R. Howe. Chairman.

Report on Assignment 2

Standardization of Parts and Accessories for Railway

Maintenance Motor Cars

R. K. Johnson (chairman, subcommittee), C. M. Angel. G. T- Ermentrout, W. E. Kropp,
Jack Largent, E. H. Mills, E. H. Ness, C. P. Nicholson, C. H. Ordas, P. G. Petri.

S. E. Tracy, Roy Wade.

Your committee presents as information an exemplary classification of motor cars,

and the essential specification requirements which a railway may desire to include in

formulating its own specifications. It is the thought that each railroad that adopted this

classification would prepare its own forms with the name of the railroad and the sub-

caption "Maintenance of Way Department" at the top of each sheet. The committee

recommends that the assignment be continued.
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Motor Car Requirements—MW-B; Light Inspection— 1 to 4-Man Car

1. Rail Skids.—Manufacturer's standard.

2. Lifting Handles.—Extension, front and rear, manufacturer's standard.

3. Wheel Guards.—Full wheel width, wood or steel, manufacturer's standard.

4. Warning Device.—As specified.

5. Axles.—Front, differential, manufacturer's standard.

6. Axle Box Lubrication Fittings.—^As specified.

7. Wheels.—Four, bolted demountable plate, 16 in. by J4 in., insulated, AREA recom-

mendation, insulation—split bushing.

8. Gage.—AREA recommendation.

9. Brakes.—Four-wheel; self-centering and clearing, metal face brake shoes.

10. Axle Bearings.—As specified.

11. Windshield.—As specified.

12. Paint.—Body, federal yellow, U. S. Public Roads Administration standard, AREA
recommendation; wheels and safety rails, black.

13. Safety Rail.—AREA recommendation.

14. Fuel Line.—Flexible with sediment bulb.

15. Actual weight of car ready for service to be stenciled on side of deck.

Motor Car Requirements—MW-C ; Light Section

1. Rail Skids.-—Manufacturer's standard.

2. Lifting Handles.—Extension, front and rear, manufacturer's standard.

3. Wheel Guards.—Full wheel width, wood or steel, manufacturer's standard.

4. Warning Device.—As specified.

5. Axles.—Front, differential, manufacturer's standard.

6. Axle Box Lubrication Fittings.—As specified.

7. Wheels.—Four, bolted demountable plate, 16 in. by ife in., insulated, AREA recom-

mendation, insulation—split bushing.

8. Gage.—AREA recommendation.

9. Brakes.—Four-wheel; self-centering and clearing, metal face brake shoes.

10. Axle Bearings.—As specified.

11. Windshield.—As specified.

12. Paint.—Body, federal yellow, U. S. Public Roads Administration standard, AREA
recommendation; wheels and safety rails, black.

13. Safety Rail.—AREA recommendation.

14. Fuel Line.—Flexible with sediment bulb.

15. Coupler.—Drawhead, AREA recommendation.

16. Actual weight of car ready for service to be stenciled on side of deck.

Motor Car Requirements—M'W-D; Heavy Section

1. R.AiL Skids.—Manufacturer's standard.

2. Lifting H.-wdles.—Extension, front and rear, manufacturer's standard.

3. Wheel Guards.—Full wheel width, wood or steel, manufacturer's standard.

4. Warning Device.—As specified.

5. Axles.—Front, differential, manufacturer's standard.

6. Axle Box Lubrication Fittings.—As specified.

7. Wheels.—Four, bolted demountable plate, 16 in. by t^s in., insulated, AREA recom-

mendation, insulation—spUt bushing.
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S. Gage.—AREA recommendation.

9. Br.akes.—Four-wheel; self-centering and clearing, metal face brake shoes.

10. Axle Bearings.—As specified.

11. Windshield.—As specified.

12. Paint.—Body, federal yellow, U. S. Public Roads Administration standard, ARE.\
recommendation; wheels and safety rails, black.

13. Safety Rail.—AREA recommendation.

14. Fuel Line.—Flexible with sediment bulb.

15. Coupler.—Drawhead, AREA recommendation.

16. Actual weight of car ready for service to be stenciled on side of deck.

Motor Car Requirements—MW-E ; Heavy Duty

1. Rail Skids.—Manufacturer's standard.

2. Lifting Handles.—Extension, front and rear, manufacturer's standard, or suitable

lift pipes.

3. Wheel Guards.—Full wheel width, wood or steel, manufacturer's standard.

4. Warning Device.—^As specified.

5. Axles.—Front, differential, manufacturer's standard.

6. Axle Box Lubrication Fittings.—As specified.

7. Wheels.—Four, bolted demountable plate. 16 in. by tfe in., insulated, AREA recom-

mendation, insulated—split bushing.

8. Gage.—AREA recommendation.

0. Brakes.—Four-wheel; self-centering and clearing, metal face brake shoes.

10. Axle Bearings.—As specified.

11. Windshield.—As specified.

12. Paint.—Body, federal yellow, U. S. Public Roads Administration standard, AREA
recommendation; wheels and safety rails, black.

13. Safety Rail.—AREA recommendation.

14. Fuel Line.—Flexible with sediment bulb.

15. Coupler.—Drawhead, AREA recommendation.

16. Ignition.—Magneto with impulse starter.

17. Actual weight of car ready for service to be stenciled on side of deck.

Report on Assignment 3

Manual of Instructions for the Care and Operation of

Maintenance of Way Work Equipment

X. W. Hutchison (chairman, subcommittee), G. E. Bovd, J. G. Hartley, Jack Largent,

R. M. Leeds, C. P. Nicholson, P. G. Petri, J. C. Ryan, S. E. Tracy, J. N. Todd,
Roy Wade, G. R. Westcott.

This is a progress report, presented as information.

In developing the subject, information is being obtained from committee members,

from work equipment manufacturers, from work equipment operators and repairmen,

and from any other authentic source available.

It is proposed that the manual assume a loose-leaf form to provide for future revi-

sions, additions or deletions. The system of page numbering will be such as to permit

subsequent revisions with the least confusion.
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Before the manual is presented to the Association, it is proposed to submit those

parts with which they are concerned to the various manufacturers of work equipment

to insure that instructions contained therein are neither contrary to instructions of. nor

objectionable to, equipment manufacturers.

The general contents of the manual as now proposed, are as follows:

I. Table of contents

II. General instructions— all mainte-

nance of way work equipment

III. Safety instructions

lY. Lubrication

V. Loading and blocking equipment for

transit

VI. Gasoline engines:

1. General

2. Fuel system

3. Ignition system

4. Lubrication system

5. Cooling system

6. Engine troubles

7. Diagnosis of engine noises

VII. Diesel engines:

1. General

2. Fuel system

3. Lubrication system

4. Cooling system

5. Engine troubles

6. Diaenosis of engine noises

VIII. Self-contained machines:

1. Adzers. tie

2. Automobiles

3. Ballasters, power

4. Ballast cleaners, mole

5. Bolt tighteners

6. Cars, air dump
7. Cars, drainage

8. Cars, motor

9. Cleaners, vapor spray

10. Compressors, air

11. Concrete mixers

12. Cranes

(a) On-track

(b) Crawler

13. Discers. ballast

14. Ditchers and shovels

15. Drills, bonding and rail

16. Grading equipment

17. Generators

18. Grinders, rail

19. Jacks, power

20. Motors, electric

21. Mowing machines

22. Pile drivers

23. Pumps, water

24. Saws, rail

25. Spike pullers

26. Spreaders

27. Tie cutters

28. Tie tampers

29. Tractors

30. Welders, arc

31. Weed burners

IX. Auxiliary tools and appliances:

1. Batteries, dry cell

2. Batteries, storage

3. Boilers, steam

4. Cable, electric

5. Carburetors

6. Chains, lifting

7. Cleaners, air

8. Distributors

9. Electric tools—general

10. Electromagnets

11. Flexible shafts

12. Filters, oil

13. Grinders

14. Guns, cement

15. Guns, paint spray

16. Hose, rubber

17. Magnetos

IS. Pneumatic tools—general

19. Rope, wire

20. Saws, timber

21. Wheels, grinding

X. Detailed index
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Report on Assignment 5

New Developments in Roadway Machines

F. H. Rothe (chairman, subcommittee), Edgar Bennett, G. E. Boyd, C. L. Fero, J. G.
Hartley, N. W. Hutchison, Jack Largent, E. H. Mills, C. E. Morgan. A. J. Neff,

Roy Wade, F. F. Zavatkay.

This report is submitted as information with the recommendation that the subject

be discontinued.

There has been no extensive development of new roadway machines recently, but

there have been some new applications of existing machines, in addition to the remodeling

necessitated by the scarcity of some metals.

One of the popular power track wrenches has been redesigned, and the new machines

have been distributed. The advantages of this machine over the previous model are re-

duced weight and reduced requirements of critical materials. Reports to date indicate

that the efficiency of the machine has not suffered as a result of the change in design.

Tie Plate Gaging Tool

One railroad has developed a tie plate gaging tool, which is in general use on its

rail laying trains. This tool consists of a piece of angle iron so arranged that when in

use one end rests on top of the rail in track with a gage stop on the lower side. On the

other end there is a piece of ig-in. tank steel, 6 ft. wide, bent concave down to an 8-in.

radius and cut to fit the rail seat of the double-shoulder tie plates. The angle iron is

welded to this curved plate and shaped so that the two edges of the curved plate will be

in contact with the rail seat surface of the tie plate when the other end of the gage is on

top of the opposite rail. A suitable handle is provided and cross-braced so a man does

not have to stoop to use it. When laying rail at the rate of one 39-ft. rail per min., 2 men
are required to gage tie plates, but these 2 men reduce from 6 to 2 the number of men
required to straighten tie plates after the rail has been laid on them, making a net saving

of 2 men in the total operation. This tool is applicable only to the laying of straight

rail on tangent track.

One railroad has operated its discers and weed mowers separately for years, but this

year it is pulling and pushing the mowing machines with the discing machines. This gives

a much more efficient operation, as the discer destroys the weeds in the shoulder and

cuts the sod line at the same time the mower cuts the weeds outside the sod line. A saving

of at least two men results and the "whiskers" usually left along the sod line by the

mowing machines disappear.

The Power Ballaster

The power ballaster has been in use for many years, but the application of this

machine has been extended to the surfacing of high-speed track in all kinds of ballast.

The power ballaster consists of a track car with suitable transverse take-off wheels, and

a power plant arranged for propulsion and for operating the tamping machinery. It is a

mechanical tamper operating on the principle of a drop hammer, weighing from 1,400

to 1,900 lb.; the crosshead, to which the tamping shoes and bars are attached by means

of a hinged mounting, extends the full length of the tie and drops about 40 times per

min., with 30 in. of free fall. The tamping bars hit the ballast in the tie cribs and trans-

mit the blow in an oblique direction along the base of the tie, driving the ballast under it.
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The machine tamps the entire length of the tie and tamps the two ties adjacent to the

crib in which the tamping bars operate, completing the tamping on one side of two

ties in one operation.

In 1941, one of the largest railroads raised 65 miles of high-speed gravel ballast track

where trains are operated at 75 m.p.h. The final surface was made with the power bal-

laster and the results were so satisfactory that it was decided to try raising a half-mile

of stone ballast track where the Uft would be from 1^ in. to 2 in. The track supervisor

was so pleased with the quality and speed of the work that he asked permission to raise

lYz miles more. Work on the three miles was completed in November 1941, and the

track has been giving satisfactory service since that time with no more than a normal

amount of spot tamping.

Tamping done with the power ballaster must be supervised the same as any other

tamping. If an operator is told to strike five blows per crib and no one observes the

results as the work is done, an unsatisfactory job will result, but if experienced trackmen

are placed one on each side of the machine to shovel ballast as needed and see that each

tie is brought up against the rail properly, an excellent piece of work can be done

efficiently.

Tamping bars are available in widths of ^ in., 2 in. and 3 in. on the tamping face.

Various combinations can be made with them according to the work in hand. For in-

stance, in loose cinder or gravel lifts of 3 in. or more, it is probable that four 3-in. tamp-

ing bars per shoe would give the desired results, whereas in hard stone ballast lifts of

XYi in., three of the %-in. bars per shoe would probably give the desired results.

Normally the drop head of this machine weighs 1,400 lb. but extra weights that bolt

to the drop head may be apphed to increase the weight to 1,900 lb. and thus obtain

greater penetration of the ballast.

In raising track care must be exercised to see that the vibration of the machine

while in operation does not distort the surface before tamping.

In stone ballast it is not necessary to tamp any jack ties ahead of the machine, as it

is practical to raise the track on regular low-lift track jacks and tamp off the jacks with

the machine. In gravel or cinder ballast it is usually necessary to tamp jack ties by

hand ahead of the machine, four ties per rail. It has been found that the speed of tamp-

ing will vary from SCO ft. per hour in gravel ballast, on a 3-in. lift, to 250 ft. per hour

on a 13/2-in. lift in solidified stone ballast.

It is believed that the power ballaster will tamp any kind of ballast with a lift of

V/i in. or more where the cribs are not too full nor ballast too large, giving a satisfactory

surface and doing the work efficiently. Even at the present time with heavy traffic to

contend with, the power ballasters are doing efficient work on high-speed track.

Under existing circumstances development of new machinery has been delayed, but

it is hoped that when the existing emergency is over new developments that are under

consideration will become a realitv.
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Report on Assignment 6

Mowing Machines

C. H. Ordas (chairman, subcommittee), C. L. Fero, E. C. Jackson, R. M. Leeds, F. H.
McKenney. C. E. Morgan, R. A. Morrison, C. H. Morse, W. D. Rhoads, J. L. Starkie,

G. R. Westcott.

Your committee presents this report as information, with the recommendation that

the subject be discontinued.

The cutting and eradication of noxious and other weeds and grasses on the right-of-

way of American railways have ever been important and expensive operations. For the

duration of the war scarcity of oils for the burning of weeds and chemicals for their

destruction has added further difficulties.

In the past, some railways have been able to get the farmers to mow weeds, giving

them as compensation the hay mown, or, in some other cases, the old cross ties removed

from the track. Today few farmers have the labor or time to do any of this work.

Some railways have destroyed weeds with steam applied by means of suitable jets

and piping. The equipment is usually put under the body of a car with canvas baffles to

produce the most effective results. This method has been fairly successful, if the speed

of the steamer is not in excess of about two miles per hour.

Railways that have an adequate fieet of power mowers at this time are very for-

tunate, particularly so if they can get the labor to operate them.

Manufacturers of power mowers for the past 30 years have improved them to a

point where many mowers are now offered that will do almost any mowing on the

right-of-way. Railway officers responsible for their selection should become thoroughly

familiar with the various types and models, and choose those best adapted to handle

vegetation of the character encountered on their individual lines. There are several manu-

facturers of these machines and many different kinds are offered as listed below, some

of which are shown in the illustrations in this report.

On-Track Mowers.—These are rail bound and of many different kinds. Some are

self powered and self propelled; others have individual motors for operating each sickle,

and extension arms and pitmans, to mow one, two, or three five to six-foot swaths from

the rail out, and over almost any contour and angle.

Tractor Mowers.—These may mow anywhere without train interference, and can

move over the highway to the point where they are wanted. Most of these are of the

ordinary tractor type with mowing attachments.

Motored Sickles.—These are usually hand guided, self propelled and self powered,

and mow fairly heayy vegetation. They are a recent development and are used around

station grounds and for trimming up at highway crossings at points beyond the reach of

track-bound mowers.

Motored Lawn Mowers and Trimming Cutters.—These are usually self powered, self

propelled and hand guided. They are usually used around station grounds where there is

light grass that needs frequent mowing and trimming.

To arrive at a cross section of practice and the extent of use of this equipment, its

cost of operation and advantages and disadvantages, a questionnaire was sent to the

members of the committee and many replies supplying valuable information were received.

A synopsis of the information follows.

Owing to the variable conditions on the various railways, as to density of traffic,

density of vegetation, different wage scales, etc., no data as to costs of mowing, main-
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Fig. l.—On-Track Mower.

1:^ •

Fig. 2.—On-Track Mower.

tenance of equipment, operation, or area or mileage covered per day are offered, but it is

the consensus of the committee that the use of powered mowing equipment is advan-

tageous.

On-Track Mowers.—Those in service on the railways range all the way irtm 1 to

37 per company, and are of the various types offered by the manufacturers. Some are

built in the shops of the railways.

Most commercial on-track mowers are of the two-cutter-bar type, which mow a five

or six-foot swath on each side of a single track, the distance away from the rail depending
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Fig. 3.—On-Track Mower, Wide Swath.

on the length of the extension arm and pitman used. One manufacturer of track-bound

mowers now offers a mower that will cut on either side of the single track or between

the rails. One railway has built a mower in its shops that has two cutter bars on each

side with a fifth for mowing between or over the rails.

Most of the late model commercial on-track mowers have an engine to power each

sickle, which permits of mowing either side while the opposite cutter bar is raised to

clear obstructions, such as switch stands, etc. Most of them are towed by a heavy-duty

motor car. This permits the use of lighter units that are easier to remove from the track

when necessary. Also, the heavy-duty car may be used for other service when not

employed for mowing.

Advantages of On-Track Mowers.—These, when operated by experienced men, where

the traffic will allow, and as far out from the rail as the extension arms will permit, will

do a better job of mowing than .can be done by laborers with hand scythes. One railway

has mown many miles at a cost of about one dollar per mile for single swaths on each

side of the single track.

Disadvantages of On-Track Mowers.-—The mower itself can only be used during the

mowing season. The engines powering the sickle bars and the motor car towing the

mower may be used for other purposes during the off-mowing season.

On-track mowers can be used to advantage only where train movements do not

cause excessive interference with their operation.

Usually where they are used, it is necessary for the section men to follow up the

mower to trim up vegetation not mown, as around switch stands, track signs, semaphore
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Fig. 4.—Tractor Mower.

Fig. 5.- -Commercial On-Track Mower-
by a Railway.

-Remodeled

posts, rail rests, etc., unless they are moved out beyond the swath before the mowing

is done.

Tractor-Type Mowers.—These are generally operated by an experienced tractor oper-

ator, who is sometimes given an assistant, to do the trimming around obstructions that

cannot be reached by the machine; also, to assist the operator in servicing the equipment,

in making repairs, and to free the sickle of any vines or wires that may have lodged or

entwined in the sickle or guards.

Tractors of the farm type are usually equipped with a power take-off, so that they

can be equipped with mower attachments. However, some of the machines now offered

have been built by manufacturers who have given consideration to the special conditions

that are presented in mowing on the right-of-way and which differ appreciably from

those encountered in the ordinary farm and highway mowing. These special railway
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Motored Sickle.

types are able to mow on slopes of 45 deg. where the footing is good for the rubber-tired

driving wheels. They also will operate where the ground is quite rolling.

Some of them are equipped with water-loaded tires, to give better traction and to

enable the diagonal lugs to get a better bite on the soft and slippery slopes. Some are

equipped with variable width treads on the drive wheels to keep them from tipping over

on the slopes.

Some of the tractor mowers are equipped with adjustments to permit them to mow
at almost an}- angle from the horizontal, while others are equipped with adjusting devices

permitting them to mow a horizontal swath at levels above the ground, such as mowing

above the curb of a road with the wheels running on the road.

When selecting such a mower it is important to give consideration to the location

of the cutter bar with respect to the driver's seat. The sickle should operate between the

front and rear wheels, and not in front of, or behind the wheels. It is important that the

operator see the obstructions before the sickle hits them. The ideal location of the cutter

bar would be in line with the rear wheels, so the sickle would move up and down with

the wheels on rolling ground.

Advantages of Tractor Mowers.—They can and have been run by a single experi-

enced operator. They are off-track machines and can mow anywhere on the right-of-way

between the rail and fence without any train interference. They can move on the highway

from one location to another when equipped with suitable tires.

When the mowing season is over, they can be used for any tractor work within

their capacity, and with proper attachments for such work as sweeping or plowing snow

off station platforms, etc. They have been used to shunt cars in shop yards and at

industries.

Disadvantages of Tractor Moivers.—They are slower than on-track mowers and

should seldom be used where on-track mowers can do the mowing, except to clean up at

station grounds and at highway crossings, and between the track mower swath and the

right-of-wav fence.
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Fig. 7.—Motored Sickle.

It has been found that tractors equipped with rubber tires will not do a good job

of mowing while riding on the shoulder, as they have a tendency to sUp off if the slope

is steep. Better performance is assured if they are equipped with steel tires with lugs, but

the shoulder would need dressing after the mower had passed, and tractors with steel

tires and lugs cannot be run over paved highways.

Some complain that the use of a tractor mower equipped with rubber tires on a

railway right-of-way is very expensive, owing to the rapid destruction of the tires by

barbed wire and other sharp objects.

Motor Sickles.—^These are a recent development, and several manufacturers are offer-

ing them. They are of different types; some earlier models had to be pushed by the oper-

ator. They had only one steel-tired wheel with concave face to keep them from slipping

sideways. More recent models have two rubber-tired wheels and they are self propelled,

self powered and hand guided, with clutches to release the propulsion mechanism when

necessary. Some of these have the sickle bar supported at both ends, others at the center

only. If the cutter bar is supported at both ends, the operator must walk over the cut

vegetation unless the bar is equipped with deflectors.

Motor sickles are usually powered with a light gasoline engine of about two horse-

power. Each type has some desirable features. They are very economical to operate and

maintain, and with an experienced operator should do effective work on station grounds,

at highway crossings, and even on the complete right-of-way between fences where the

nature of the ground will permit. They are equipped with cutter bars of 36 or 40 in.,

which would permit them to mow between the rails, in yards or at sidings or other close

quarters, if the ground surface is even enough for ready operation, or if they are sus-

pended between the rails on dollies and pushed along the track. They are also useful in

other places where the larger mowers do not have room to maneuver.
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Fig. S.—Motored Lawn Mower.

Advantages of Motor Sickles.—In addition to the advantages already stated, they

are low in cost, one-man operated, and if handled properly, will do more good mowing
in both light and heavy vegetation than several men with hand sickles or scythes.

Some of them can be equipped with wedge and angle snow plows to remove freshly

fallen snow from station platforms; others also have accessories to adapt them for

revolving brush sweepers.

Because of their light weight and compactness, they can be transported easily from

one station to another by baggage car.

Because of their simplicity, they can be operated by almost anyone who knows how
to run a track motor car.

Disadvantages of Motor Sickles.—There are no serious disadvantages if one buys a

machine with rugged and practical parts and entrusts it to a careful and competent

operator.

Conclusion

Costs of operation and the economies effected by the use of powered mowers are

dependent on many factors, such as, the purchase of the right machine for the work to

be done ; the competence of the operator ; the density of the vegetation ; the scale of

wages paid; and the conditions under which the mower is operated. With careful opera-

tion the expense for fuel, oil, grease and repair parts is negligible.
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Report on Assignment 8

Power Spike Pullers

T. M. Pittman (chairman, subcommittee), N. W. Hutchison, E. C. Jackson, W. E. Kropp,
F. H. McKenney, E. H. Mills, C. H. Morse, A. J. Neff, C. H. Ordas, J. N. Todd,
F. F. Zavatlcay.

This report is presented as information with the recommendation that the subject

be discontinued.

Only two types of power spike pullers have been developed, one a self-contained

mechanical unit, and the other a pneumatic machine.

The pneumatic machine works on an entirely different principle from the later

mechanical device. It was first offered for sale in 1927 and at that time it was the only

power spike pulling device on the market. This machine was used for a while because it

increased the speed of spike pulling over the hand method. Although the machine was

mechanically sound, the speed was not great enough to meet the demand caused by the

development of other machinery in connection with laying rails, the class of work where

the spike pulling machines were mostly needed, and consequently it is not now in very

general use on American railroads.

The mechanical machine consists of a frame mounted on four-flanged wheels which

carries the power plant and tongs for pulling the spikes. The frame supports an over-

hanging boom or mast, called the tong support, from which two spike tongs are sus-

pended. There is also a horizontal beam, called the spike tong beam, which is hinged at

one end. Power is transmitted by a belt drive from a 4-hp. gasoline engine to an inertia

wheel and thence to an eccentric arrangement which lifts the free end of the beam

through a vertical stroke, with an upward pull in excess of 12,000 lb.

The free end of the beam extends beyond the end of the car so that it is in close

proximity with the tongs as they hang from their supports, and is so shaped that it will

engage hooks or shoulders on the tie tongs. Thus, when either pair of tongs is brought

in contact manually with the end of the beam, the tongs together with the engaged spike

will be lifted during the upward stroke of the beam.

It is to be noted that the stroke is vertical, and the spike is therefore drawn without

bending. This permits a larger number of spikes to be salvaged for further use.

For convenience in the manual manipulation of the spike tongs they are suspended

from the tong support by long coil springs which should be adjusted so that the tongs

will hang freely with their jaws about % in. above the head of the spike. The jaws are

designed to grip the shank of the spike below its head in such a way that the grip is

tightened as the lifting pull is applied. In operation the spike tongs are pulled down to

grip the spike and are then engaged with the beam as it starts on its upward stroke. The
tongs are engaged with the beam by means of blocks which can be changed to fit different

heights of rail.

The machine is propelled along the track by a hand operated wheel which assures

the accurate spotting of the tongs with respect to the spikes. It weighs about 1,200 lb.,

but a jack and turntable permits it to be rolled off of the track or reverse its direction.

Three operators are required; one to propel and spot the machine, and one man on each

pair of tongs. One machine with skilled operators can pull from 30 to 45 spikes per

minute and three machines can usually keep out of the way of the usual rail laying gang.
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The machine is efficient for out-of-face work but not suitable for the pulling of

spikes around guard rails, switches and other inaccessible places. On account of the nuts,

it is necessary to pull some of the spikes around the joints by hand. It will also pull some
stub spikes and badly throat-cut spikes that cannot be pulled with a claw-bar, but as a

rule the necessity for avoiding delay of the work does not permit the degree of care

necessary to deal with these troublesome spikes; therefore, in practice a number of the

badly corroded or throat-cut spikes are broken off and have to be driven into the tie.

It is usually necessary to have at least one man follow the machine and pull the spikes

the machine has missed and also to drive down the broken spikes.

Proper care must be exercised in the operation of the machine to prevent undue

strain upon some of the members. A support shoe extends in front of the frame over the

rail that is being worked and this shoe should be adjusted to clear the top of the rail by

yi in. This shoe is designed to prevent the upward tilting of the rear of the machine and

it should extend beyond the spike being pulled. If the distance above the rail is greater

than ^8 in., the frame will be subjected to severe shock, and if the distance is much less

than ^ in., the shoe might strike uneven rails. When the machine is being towed this

shoe should be removed.

The spike tongs should be operated in as near a vertical position as possible, and

the tongs should engage the beam as it begins the upward stroke. This will prevent

damage or accident in case the engine should backfire, and will avoid the severe impact

caused if the beam is engaged after it has passed the center of its upward stroke. This

impact not only develops severe stresses in the frame and tongs, but it is likely to jerk

the head off of the spike instead of pulling it out. The jaws should be kept sharp and

the machine should be gone over and tightened thoroughly once every week. The oil in

the motor should be replaced every SO hours with a good grade of oil and the machine

should have a complete grease job every 8 hours of operation.

Report on Assignment 9

Wire Rope Used With Work Equipment

R. A. Morrison (chairman, subcommittee), Edgar Bennett. C. M. Angel, G. J. Ermen-
trout, E. C. Jackson, Jack Largent, W. D. Rhoads, J. C. Ryan, G. R. Westcott.

Last year your committee prepared a report on wire rope, its construction and

application to maintenance of way work equipment. This material was presented as in-

formation with the recommendation that the assignment be discontinued. However, the

report was so well considered that the Board of Direction suggested its submission for

adoption as recommended practice.

Accordingly, your committee recommends that the report bearing the title. Wire

Rope Used With Work Equipment, which appears on pages 256 to 261, inclusive, in the

Proceedings, Vol. 44, 1943, be adopted for publication in the Manual.
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Report on Assignment 10

Power Saws for Cutting Rail

J. N. Todd (chairman, subcommittee), Edgar Bennett, C. L. Fero, J. G. Hartley, E. C.

Jackson, C. E. Morgan, R. A. Morrison, C. H. Morse, F. H. Rothe, J. C. Ryan.

This report is submitted as information, with the recommendation that the subject

be discontinued.

The use of power rail saws has increased in the past few years and they have

become standard equipment on some railroads for use (a) in terminals around inter-

locking plants and crossings; (b) to a less extent with rail gangs; and (c) as part of

the supervisor's equipment. On some roads power saws, with drills and grinders, are being

used for cropping rail in track.

A power rail saw is a light portable machine, which for steam railroad use is

powered by a one-horsepower gasoline engine. The drive is through a worm gear and

crank which produces about 100 strokes of the saw per minute. The machine is easily

placed and supports itself by means of brackets on the rail. Rails are cut in from five

to nine minutes.

Some roads break rails by nicking and applying a bending strain by means of a

crane hook, or by dropping. This practice involves hazards. Flame cutting rails with a

hand-held torch is generally practiced but many roads do not approve this method for

main track, especially where traffic is heavy because of the danger of breaks originating

in heat cracks. The practice is quite common for yards and branch lines. Hand sawing

takes time, and accuracy is dependent on the human element. Some of the roads which

have employed the power rail saw prefer its use to any of the above named methods for

cutting main track rail. However, it is not practical to supply a power saw to every gang

which may have to cut rail occasionally. The following practices in the assignment of

saws are observed or contemplated by railroads using power rail saws:

1. At terminals where there is considerable special track work and interlocking.

2. With district or system rail gangs.

3. On each supervisor's territory on important main lines.

4. Special use such as cropping brine damaged or joint worn rail.

Being easily portable, power saws are coming into use again for cropping rail in

track. Where rail is otherwise in good condition, but damaged at the ends by joint wear

on the fishing surfaces or by corrosion from brine drippings, cropping in track is often

desirable.

The equipment assembled for the job in one case where S5-lb. rail was to be cropped,

consisted of 8 power saws, 3 power drills, 2 grinders and 2 power wrenches. In addition,

the cropping was followed by tie adzers and the track was retimbered and resurfaced.

New joints were applied. The crop of 18 in. was made at each end, thus insuring a

uniform rail length throughout. A supply of cropped rail was distributed in advance for

use as fill-in rails. About 11 min. were required per saw to make a cut, including the

time to move up and get in position for the next cut. The work averaged almost one-half

mile per day including traffic delays.
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Report on Assignment 11

Means for Conserving Labor and Material

G. E. Boyd (chairman, subcommittee), J. G. Hartley, R. K. Johnson, R. A. Morrison,
C. P. Nicholson, P. G. Petri, W. D. Rhoads, J. L. Starkie, S. E. Tracy, G. R. Westcott.

This report is presented as information, with the recommendation that the assign-

ment be continued.

In view of the restrictions on materials that enter into the construction of power
machines and tools and on supplies for their operation, as well as of the critical shortage

of labor that is confronting maintenance officers, this is a subject of continuing impor-

tance. Substitutions for critical materials in the original construction of many units have

been made by manufacturers, generally by using less critical materials rather than by
the use of non-critical materials, although in some cases it has been found possible to use

non-critical materials.

Motor car manufacturers have substituted steel or malleable iron for aluminum in

as many as 65 parts for motor cars; plastics have been substituted for metal in carburetor

check valves and other parts; flexible lines with sediment bulbs have been adopted by

this Association as an alternate for copper tubing for gasoline lines, while plastic pipe is

beginning to come into use for these lines. In heavier machines, hardened steel has re-

placed nickel steel and nickel-chromium steel for cylinder liners, drive gears, heavy shafts

and other parts subject to wear or heavy duty, and steel has supplanted copper for

radiator tubes and fins. In the electrical field the saving of aluminum, copper, tin,

tungsten and other critical materials has been little less than phenomenal.

While these substitutions are recognized as a necessary and worthwhile contribution

to the war effort, it is not intended to imply that all of them are fully satisfactory from

the standpoints of operation, maintenance and service life. In fact, in some instances

there can be no question that there has been some sacrifice of quality. However, since

these substitutions have all been made before the equipment gets into the hands of the

maintenance of way forces, they leave little opportunity for these forces to make sub-

stitutions after the machines are placed in operation, except to replace worn or broken

parts with parts of the same type or composition.

Two Ways to Conserve Material and Labor

On the other hand, material and labor can be conserved in two ways; first, by
equipping the track, the bridge and building and the water service forces, so far as this

is feasible, with power machines and power driven tools that are adapted for the work
they are doing; and, second, by better and more careful maintenance of the machines

and tools that are available. Obviously, more effective results, in both quantity and
quality of output by any of these forces, will be obtained through the use of equipment

that is being kept in good condition currently, than is possible with equipment that must
be taken out of service at intervals to permit the making of repairs. It is equally obvious

that the expenditure of materials will also be less.

This indicates the importance of an organization to handle the maintenance and

repair of this equipment. Relatively few roads have a supervisor or superintendent of

work equipment, who can coordinate the equipment maintenance for the road as a

whole. Where such an officer does not exist, the maintenance of the machines is usually

left to someone whose primary interest is in some other phase of maintenance of way
work, or to a department which has no interest in it.
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The necessity for both maintenance and repair and, incidentally, the amount of

labor involved in maintenance and repair of power machines and tools, can be greatly

reduced through intelligent operation and care of the equipment by the operator. This

emphasizes the importance of selecting the best man available to operate and care for

each unit of equipment, and then of giving special attention to educating and training

him to handle it to best advantage with respect to safety, output and service life.

Inspection of High Importance

Of equal importance with intelligent operation is thorough and persistent inspection.

No matter how well this feature of maintenance has been performed in the past, present

conditions make it mandatory that inspection of the equipment should be not only more

thorough but at closer intervals, so that the work of the repairman or maintainer shall be

preventive rather than corrective. While the prime reason for this is to prolong the life

of the materials that would otherwise be consumed, an important collateral benefit is

the avoidance of delays to both the machine and the gang it serves through the necessity

for taking it out of service to replace worn or broken parts or to make other repairs.

While the operator should be charged with keeping bolts tight, any loose bolts that may

be found in making the inspection should be retightened at that time. In part, the

presence or absence of loose bolts will indicate the degree of care the operator is giving

the machine.

No other feature of the operation of power machines is more conducive to the

conservation of materials, and it may be of labor, than adequate lubrication. This in-

cludes both the lubricant and its application. Oil should never be applied where grease

is called for, or grease where oil is needed, and both the oil and the grease should be

suitable for the particular bearing upon which it is to be used. Every bearing should be

kept well lubricated, for a dry bearing will put any machine out of commission in a

short time.

Cleanliness is also an essential requirement, as well as an indication of the care the

machine is receiving. A good operator does not allow his machine to remain in a filthy

condition. Such neglect may also make it difficult if not impossible to make a satisfactory

inspection or to find defects that need correction.

Specific Ways to Conserve Material

In some cases established practices have been responsible for early destruction of

material which can be conserved by modifying these practices. To be specific, on motor

cars wheel wear can be reduced and material thus conserved by the use of brake-shoe

facings of suitable material and adequate size. The Manual provides for cast or malleable

iron or commercial bar steel as suitable material for this purpose, but says nothing about

the size, except that the thickness shall not be less than % in. Experience on some roads

has indicated that commercial bar steel is not a suitable material because it causes rapid

wear on the wheel treads. One road is now limiting its brake-shoe facings to cast iron

and has increased the width of the facing to 2^^ in., to spread the wear over more of the

wheel surface. The length of the facing has been increased to 55^ in. to increase the fric-

tional area, thus requiring a lighter unit brake pressure. At the same time the thickness

of the facing has been increased to 5^ in. to insure that a larger percentage of the total

material will be utilized in wear. While the immediate effect of a complete changeover

from steel to cast iron, will be to increase the demand for cast iron temporarily, this will

be offset quickly by increased life of both brake facings and wheel treads.

Differential axles on motor cars permit the use of four insulated wheels of one type,

instead of three types of wheels, namely a loose wheel, a non-insulated wheel and two



114 Maintenance of Way Work Equipment

insulated wheels. Again, material can be conserved by using demountable wheels instead

of riveted or welded wheels, because wheel renewals are usually required by reason of

worn treads. Since the tread on a demountable wheel can be renewed independently of

the hub, only the tread needs to be scrapped, the hub, the bolts and the insulated

bushing being retained. Labor is also saved in making the renewal. Correct gage and
alinement will reduce tread wear.

As equipped by the manufacturer, both track and tractor mowers have cutter-bar

guards of the type ordinarily used on farm mowers, which are generally used for relatively

light cutting on comparatively smooth, level ground. When used in the rough cutting

that usually characterizes the shoulders of embankments and the right-of-way, these

guards get out of line quickly and are not only short lived themselves, but cause much
damage to the sickle sections. Substitution of heavy-duty or rock guards will increase

the life of both the guards and the sickles. Likewise, heavy sickle sections give much
longer life and also avoid delays.

A considerable saving can be made in the life of tamping tools if they are built up

by welding and the striking end is hardened. This should be done before the tips become

too badly worn, for experience has shown that three or four light applications of metal

will outlast two or three weldings in which heavy deposits of metal must be made.

Typical Examples Point to Other Ways
These are only a few of the many ways in which critical materials can be saved,

but since they are typical they point the way to others. As has already been pointed out,

most of the opportunities to substitute non-critical or less critical materials for those that

are most critical, have already been seized by the manufacturers, and this is as it should

be. However, the alert maintenance officer will find that by careful attention to the

operation and maintenance of the equipment in his hands, supplemented by frequent and

thorough inspection, he can make astonishing savings in the consumption of critical

materials, mainly through a reduction of wear. At the same time he will increase the

productive time of his forces through avoidance of delays by reason of the equipment

being out of service for repairs.

No matter how well a power machine may have been maintained in the field,

experience has shown that it is desirable in all cases, and necessary in most, that it be

taken into the shop at the end of the working season and given a thorough overhauling.

Parts will be worn to the point where they cannot be expected to last through another

season; weakness will have developed that requires strengthening; and many adjustments

will be needed. In the shop, many opportunities will be afforded to make worthwhile

savings in critical materials and at the same time reduce the cost of many of the repairs

that are made.

Metallizing Will Save Much Critical Material

A process for repairing worn parts of machines which, while not new, has never

had a widespread vogue in the railway field, and which was practically unknown in the

maintenance of work equipment until the present restrictions on the procurement of

materials were imposed, is now being applied with almost universal success when it has

been tried. This process, which is known as metallizing, consists of building up worn
parts to their original section, by spraying metal on them, much in the same manner as

is done with paint, and then grinding to finish them to the required dimensions.

Since the process is virtually a new one so far as this Association is concerned, a

brief description may be in order. A metal wire is fed from the back of a specially-

designed spray gun. As it reaches the base of the nozzle it passes into an oxyacetylene
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blow-pipe flame having sufficient heat and blast to melt and atomize it. The blast carries

the metal spray to the surface that is to be built up, upon which it can be deposited to

any desired depth.

An essential requirement for success in the metallizing process is that the surface to

be treated be prepared to receive the added metal in such a way that the sprayed deposit

will key itself to the surface. The necessity for this lies in the fact that the added metal

is not fused to the surface but is held by mechanical bond. To obtain this bond, the parts

are first threaded or scored with a sharp tool and then the top of the thread is removed

with a flat-nosed tool, the important thing being to have the scoring undercut. Care must

be exercised to avoid right-angle scoring at a bearing, such as a connecting-rod bearing;

otherwise stresses will be set up which will cause a fracture. This can be done by intro-

ducing a fillet at each end of the bearing.

Structure Differs

The structure of the sprayed metal differs in important particulars from that of the

same metal when cast, drawn or rolled. As the minute particles from the atomizer strike

the surface, they flatten out and cool almost instantly, so that there is no warping of the

part that is being treated. The structure is, therefore, made up of these small platelets

which lie stratified and thoroughly interlocked. As a result of this peculiar structure the

physical characteristics of the built-up metal are quite different from those it possessed

originally. The ductility, the elongation, the tensile strength and the resistance to impact

are all much reduced, while the strength in compression, the hardness, the resistance to

wear and corrosion and the conductivity of heat and electricity remain virtually un-

changed. The process is, therefore, adapted particularly for building up worn bearing

surfaces, but should not be used where the added metal will be subjected to sharp

impact, continued pounding at one point, severe edge strain or point contact. It should

be understood that while metallizing does not add strength to the part, it does protect it

and prevents further reduction in strength, in addition to which the life expectancy of

some parts, such as shafts, is often greater than that of the original part.

Many Parts Can Be Salvaged

After the part has been built up to slightly beyond the desired dimensions it is

ground, not turned, to bring it to final size and contour. In some cases, filing may be

found necessary. While some of the alloy steels cannot be used in this process, aluminum,

babbitt, bronze, copper, lead, nickel, tin, zinc, iron and steel have been used successfully.

The process has been used to restore cylinders, pistons, piston rods, shafts, brasses, valve

stems, pump impellers, bushings. and other similar parts, at costs ranging from S to 50

percent of the cost of a new part. This process offers many opportunities for reclaiming

parts that would otherwise be discarded and replaced with new parts. It can become,

therefore, an important element in saving critical materials, as well as an element of

economy.

While not directly a saver of critical materials, magnaflux inspection may save

them indirectly by reducing failures in service. By means of this process cracks and

incipient fractures that cannot be detected by any other means become apparent at once.

While portable outfits are available, this inspection can best be made in the shop while

the machine is disassembled and where the surfaces to be inspected can be cleaned of

rust, grease and dirt. If cracks are found at this time, the part can be repaired before

it is restored to the machine, thus preventing what might be a costly failure while the

machine is in service.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Progress report, including recommended revisions.. page 117

2. Design and specifications for highway crossings at grade over railway tracks,

both steam and electric, collaborating with Committee 1—Roadway and

Ballast, and with American Society of Municipal Engineers, and American

Transit Association.

No report.

3. Comparative merits of various types of grade crossing protection, collabo-

rating with Committee 10—Signals and Interlocking, Signal Section, AAR,

and Highway Research Board.

Progress report, presented as information page 118

4. Requisites for location, number and arrangement of automatic signals, auto-

matic gates and auxiliary signs for rail-highway grade crossing protection.

No report.

5. Method of classifying grade crossings with respect to hazard.

No report.

6. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary cur-

rently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Highways,

J. G. Brennan, Chairman.
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Report on Assignment 1

Revision of Manual

A. S. Haigh (chairman, subcommittee), Bernard Blum, H. E. Brink, A. P. Button,

P. W. Elmore, H. A. Hampton, C. D. Horton, Maro Johnson, R. B. Kittredge,

A. E. Korsell, E. E. Mayo, G. P. Palmer, W. C. Pinschmidt, T. M. Pittman, L. J.

Riegler, Frank Ringer, L. S. Rose, C. K. Smith, C. A. Taylor, V. R. Walhng.

Your committee recommends that the text matter on pages 9-17 and 9-18 of the

Manual be revised by substituting the paragraphs printed below for those of the same

number now appearing in the Manual and making the other changes and additions as

set forth.

HIGHWAY CROSSING SIGNS AND SIGNALS

1944

1. Railroad advance warning signs should be installed and maintained by the high-

way authorities in accordance with Sections Nos. 145 and 156 of the Manual on Uniform

Traffic Control Devices for Streets and Highways of the American Association of State

Highway Officials and the National Conference on Street and Highway Safety, edition of

November 1935, reprinted September 1937, revised February 1939.

3. At crossings on heavily traveled highways where conditions justify, either of the

following standard visible warning signals shall be installed, but both shall not be used

at the same crossing:

6. Bell shall be used on crossing signals where required, and shall be in accordance

with AAR Signal Section Specification 44.

7. Revise final sentence of the paragraph to read "light or swinging disc".

8. Mounting.—The railroad standard highway crossing sign and the signal shall

be mounted on the same post. Cantilever signal support shown in Fig. 907 may be used

instead of the standard type where the latter cannot be located in its proper place, or

where the view is obstructed.

12. Flashes.—Lights shall flash alternately. The number of flashes of each light

per minute shall be 30 minimum, 45 maximum. Lights shall each burn the same length

of time. Total burning time of both lamps shall be practically the entire operating time.

13. Hoods and Backgrounds.—Lamp units shall be hooded to shade them

from the sun, but not shielded at sides to impair close indication.

14. Range.—Range shall be the distance at which the indications will be clear and

distinct to a person with normal vision.

15. Spread.—Each flashing light unit shall provide an indication having a beam

candlepower of uniform intensity at any angle up to 10 degrees on either side of the axis

and the range at any point in the 20-degree angle under bright sunlight conditions, with

the sun at or near the zenith, shall be not less than 1,500 feet when a 10-watt lamp rated

at 1,000 hours is burned at rated voltage.

16. Lenses or Roundels.—Lenses or roundels shall be 8)^ inches in diameter

minimum and shall be in accordance with AAR Signal Section Specification 69.

Eliminate current No. 17, renumbering Nos. 18 to 23 inclusive as 17 to 22. Add the

following:
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23. Lenses or Roundels.—Lenses or roundels shall be 5 inches diameter minimum
and in accordance with AAR Signal Section Specification 69.

24. Range and Spread.—The signal light when the disc is suspended vertically,

shall have a range at night of 1,500 feet through a total angle of not less than 30 degrees

when a 10-watt lamp rated at 1,000 hours is burned at rated voltage.

The committee also recommends that the heading, Suspended Overhead ffighway

Signals, appearing on page 9-34.1 be revised to read as follows:

SUSPENDED OVERHEAD HIGHWAY SIGN

1944

Report on Assignment 3

Comparative Merits of Various Types of Grade Crossing Protection

Collaborating with Committee 10—Signals and Interlocking, Signal

Section, AAR, and Highway Research Board

A. P. Button (chairman, subcommittee), Bernard Blum, F. D. Batchellor, H. D. Blake,

H. E. Brink, A. R. Dewees, G. N. Edmondson, C. F. Edwards, H. L. Engelhardt,

J. P. Hallihan, H. A. Hampton, Warren Henry, Maro Johnson, R. B. Kittredge,

Fred Lavis, W. C. Pinschmidt, C. K. Smith, R. E. Warden.

Your committee submits the following report as information with the recommenda-

tion that the subject be continued.

Its work this year has been limited to continuation of tests on two types of sheet

refiectorized crossing signs now available, reflecting metal letter signs and preliminary

investigation of a substitute material for glass reflector buttons.

Scotchlite Reflectors, manufactured by the Minnesota Mining & Manufacturing Com-
pany, St. Paul, Minn.—This sheet material consists of a powdered glass adhering to a

fabric base as a reflecting material; it may be cemented to wood crossbuck signs or to

a metal base.

The first test installation of this material was made at the crossing of 113th Street

with the Baltimore & Ohio Chicago Terminal Railroad near Rockwell Street in Chicago,

on August 21, 1940, and consisted of two signs, one on metal, the other on wood. Both

signs were edged with metal angles to prevent loosening of the fabric at the edges. Until

recently, these signs have held up well, but an inspection made on July 14, 1943, indi-

cated that the useful life of the signs is completed; weathering has penetrated the mate-

rial, which is scaling and falling off. The sign with the metal backing is in slightly better

condition than the wood-backed sign.

Signs at Central Avenue and 109th Street on the Baltimore & Ohio Chicago Terminal

Railroad in Chicago, which were installed respectively December 10, 1940 and April 14,

1941, are in good condition except for a slight discoloration due to rusting of the fasten-

ings. At 109th Street, the signs show the effects of shooting with buck shot, but are other-

wise in good condition and retain their reflective qualities.

During November 1941, the New York Central System made up and installed a dozen

of the Scotchlite signs for test to determine their effectiveness, durability and cost. After
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18 months' service, these signs are holding up well and show up at night much better

than painted wood crossbuck signs. The New York Central System signs were made in

railroad shops and were installed at the following locations:

1. Stearns Road, main line, west of Olmsted Falls, Ohio

2. Chestnut Ridge Road, main Une, east of Shawville, Ohio

3. Maddock Road, main line, west of Shawville, Ohio

4. Marion Road, Ohio Central Lines, Columbus, Ohio

5. Steele Road, Michigan Central, Joliet branch, Steele, 111.

6. Ingalls Road, Michigan Central, Joliet branch, Joliet, 111.

Decalcomania Transfer Process, manufactured by the Cuneo Press, Chicago.—^This is

a waterproof reflecting material on paper backing to be applied to a wood or metal base

by wetting the material, removing the paper backing and applying it to the base. The
material is printed as sold and sign painting is unnecessary.

A test installation at lOSth Street crossing of the Baltimore & Ohio Chicago Terminal

Railroad, just Avest of Western Avenue in Chicago, installed March 3, 1941 indicates that

the reflecting material is practically gone and the useful life of the signs has expired.

Another Cuneo sign said to have improved reflecting qualities was installed at the

crossing of Lawndale Avenue with the Indiana Harbor Belt Railroad near Archer Avenue

in Chicago on April 5, 1943. This sign is in good condition and effective as to reflecting

qualities.

The cost of repairing either the Scotchlite or Decalcomania Transfer Process signs

would be but slightly less than the original installation cost, as the only salvageable por-

tion is the base material which, in the case of wood crossbucks, amounts to $1 per sign.

Alzak, metal letters manufactured by the Reflecting Metal Corporation, Chicago.

—

Letters are made with Arbuckle reflecting metal, and it is claimed that signs made with

these letters can be seen at a distance of 750 ft. at night and read clearly at 500 ft. A test

sign with these metal letters was installed at the 104th Street crossing of the Baltimore &
Ohio Chicago Terminal Railroad at Chicago, March 3, 1941. This sign is in good condi-

tion and effective as to reflecting quaUties.

All test signs, Scotchhte, Decalcomania, and Alzak, were donated to the committee

and no cost records were kept by the manufacturers. The cost per sign is estimated as

follows:

Scotchlite $9.25
Decalcomania 6.50

Alzak 6.00

The above costs include the material and the labor for making signs complete, exclu-

sive of the cost of installation.

Lucite.—Data and samples of Lucite, a product of the DuPont laboratories, have

been received. Lucite is a plastic material and is molded in units of oval or circular form,

with a smooth, curved face and pyramidal backs, which require no plating or separate

reflector. They are made by the Stimson Reflector Company of Chicago.

Sample ovals and buttons furnished by the Signal Service Corporation, Irvington,

N.J., are assembled with a non-corrosive metal housing around the edges and back and

sealed with a gasket which prevents moisture, dust, etc. from getting into the pyramidal

backs and impairing the reflecting qualities.

The manufacturer claims the plastic material has optical qualities superior to glass

for this purpose and is also more durable and tougher, and does not stain, discolor or
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solarize. This plastic material serves the same purpose of glass reflector buttons which

have heretofore been used in reflectorized crossing signs. No tests of. this material in

railroad crossbuck signs for effectiveness and durability have been made as, under present

conditions, it is difficult to obtain metal signs or letters with which to make the test.

A complete set of Lucite buttons for AAR standard SO-deg. reflector crossing sign

costs $8.45 as compared with $9.72 for glass reflex buttons.

A 50-deg. reflector crossing sign of metal, using glass reflex buttons complete with

clamps ready for mounting on wood or metal posts, lists at $32.50 (ceiling price).

The Michigan State Highway Department has used Lucite for road marking. Installa-

tion of side-of-the-street marking between Bay City and Saginaw shows satisfactory

results, with maintenance expense due largely to replacement of damaged posts which are

occasionally bent or broken by traffic. The buttons have to be washed about twice a year

due to the use of chloride for ice removal, the spray from which forms a film on the

reflector buttons. The material is satisfactory with no indication of failure. No conclusion

has been reached as to how long the buttons themselves will be serviceable.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Analysis of operations of railways that have made marked progress in the

reduction of labor required in maintenance of way work.

\o report.

3. Economies to be effected by more intensive supervision of gangs by super-

visory officers.

No report.

4. Organization, methods and equipment required for economic maintenance

of terminal facilities.

No report.

5. Labor economies derived from cleaning ballast.

Final report, presented as information page 122

6. Labor economies of system versus division rail laying gangs.

No report.

7. The relative economy in labor of maintaining ballast deck versus open deck

bridges and trestles and approaches thereto.

No report.

8. Labor economies derived from continuous welded rail in special locations.

No report.
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9. Economies that can be effected by reduction of clerical work through the

elimination and simpUfication of reports.

No report.

10. Means of increasing labor supply for maintenance of way work for the

duration of the war to overcome acute shortages.

Progress report, presented as information page 124

11. Review means of meeting the current shortage of chemicals and fuel oil in

the destruction of weeds in railway track.

Final report, presented as information page 135

The Committee on Economics of Railway Labor,

H. A. Cassil, Chairman.

Report on Assignment 5

Labor Economies Derived from Cleaning Ballast

F. R. Paisley (chairman, subcommittee), E. J. Bayer, F. J. Bishop, W. H. Brameld,

C. G. Grove, J. G. Hartley, H. E. Kirby, J. B. Martin, W. H. Miesse, G. M.
O'Rourke, E. F. Salisbury, G. M. Strachan, C. R. Wright.

This is a final report submitted as information.

Drainage is of fundamental importance in track maintenance and effective drainage

of the roadbed requires clean ballast. Dirty ballast is an old problem that has had the

attention of maintenance engineers for a long time. This condition has been especially

troublesome over the last few years on account of the deferred maintenance that had

accumulated during the depression years and because increased speed of trains requires

greater refinement in track surface. There is a growing appreciation of the fact that free

draining ballast is important to good track maintenance, and failure to keep ballast clean

will either result in an increase in expenditure or a decline in the standard of mainte-

nance. Keeping ballast clean will minimize much other maintenance work.

Dirty ballast is caused by cinders from locomotives, coal dust that leaks from cars

as well as other lading such as iron ore and limestone dust, sand from locomotives, wind-

blown dirt from adjoining fields and industrial plants, disintegration of the ballast, mud
and water drawn from the subgrade, dirt left in ballast improperly cleaned before placing

and spoil dropped during ditching and other such operations.

Clean ballast can be provided in the roadbed by digging out the dirty ballast, dispos-

ing of it and placing new ballast, or by cleaning the existing ballast if it is stone or pre-

pared slag. On most roads it is not practical or economical to provide new ballast when-

ever the existing ballast becomes dirty, and therefore when the ballast becomes so filled

with foreign substances that the drainage is impaired and it does not properly perform

its functions, it should be cleaned.

Dirty ballast will result in bad track conditions such as pumping joints, irregular line

and surface, damage to ties and rail as well as fastenings, heaving from frost and growth

of vegetation. Efforts to correct these conditions when caused by dirty ballast result in
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non-productive expenditures for labor and the use of ntianpower that would otherwise

be available for constructive work. During periods of inadequate labor, because of finan-

cial limitations or inability to hire men, clean ballast will result in a higher standard of

track maintenance with less manpower.

It is obvious that labor economies will be derived from cleaning ballast as the im-

provement in the ballast condition will result in:

Reduction in labor expended in tamping low joints because less frequent tamp-

ing will be required.

Less lining and surfacing of track.

Increased life of rail, thus decreasing the labor required in replacing damaged

rail.

Increased life of ties which will reduce the amount of labor involved in tie

renewals.

Increased life of rail fastenings and turnout materials, thus requiring less fre-

quent renewals.

Reduction in the forking of dirty ballast incidental to tie tamping and rais-

ing track.

Reduction of the labor required to shim track on account of heaving from

frost.

Conservation of ballast, resulting in a reduction of the labor for unloading

and spreading ballast as well as work train service.

Reduction or elimination of vegetation in the ballast, which will result in

numerous economies, as outlined in the report of this committee, Proceedings, Vol.

43, 1942, pages 241 and 242.

Ballast can be kept clean by periodic removal of foreign substances and labor econ-

omies will be realized, but the extent of the saving in man hours or in moiiey cannot be

determined because of the many variables involved, such as:

The standard of maintenance required.

The expenditure in labor involved in the cleaning process will depend on the

method employed, ranging from hand forking to the most modern mass production

machine methods.

The period between cleanings is extremely variable, depending on the amount

of foreign substances that foul the ballast, which varies with local conditions.

The expenditure in labor will depend on the degree of bad roadbed conditions

caused by dirty ballast and on the extent of the resulting damage to rails, ties,

other track materials and the existing ballast.

When intertrack and shoulder spaces are cleaned it is desirable but not neces-

sary to clean the cribs if the voids in the ballast are large enough to permit the

dirt to wash out. Considerable labor will be saved if the ballast is not removed

from the cribs, but on the other hand, the interval between cleanings will be

shortened.

Conclusion

Labor economies will be derived from cleaning ballast, depending on local conditions,

the extent of which must be determined by each road based on its individual experience

and the results obtained.
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Report on Assignment 10

Means of Increasing the Labor Supply for Maintenance of Way
Work for the Duration of the War to Overcome Shortages

E. T. Howson (chairman, subcommittee), Lem Adams, C. G. Grove, J. G. Hartley,

J. B. Martin, J. S. McBride, W. G. Powrie, R. L. Schmid, E. C. Vandenburgh.

This report is submitted as information.

The shortage of labor which first became apparent early in 1942, and which became
critical for some classes of labor and in some areas in the latter part of that year, has

continued to develop until all areas and all classes of labor are now affected much more
severely than was true a year ago when this committee made a similar study of the con-

ditions that prevailed then.* The situation has now become critical in all areas in the

United States and Canada, except some parts of the southeastern states and certain

restricted localities.

Reports as of October 1 from chief engineers and engineers maintenance of way of

41 roads in these countries, representing approximately 210,000 miles of road, show that

there is a universal and acute shortage in extra-gang labor, ranging up to 70 percent.

With a few exceptions, there is also an overall shortage in section labor, with extreme

shortages in terminals and in areas surrounding war industries, extending SO to 75 miles

from these centers. In some instances, track sections in these areas have been without

laborers throughout the working season. Away from cities and industrial areas, however,

the shortage of this class of labor has been less acute and many sections have been able

to maintain their full forces during the year, obtaining laborers locally. However, most

of the roads reported that much of the track labor that they are now able to obtain is

less effective than in former years, partly because it is inexperienced, so that the reduction

in the amount of work produced is larger, relatively, than the decrease in man-hours; in

some instances the quality is also below the desired standard.

Varying with the locality, the shortage in bridge and building forces ranges from
slight to SO percent. One road in the Southwest reports very little difficulty in obtaining

all of the bridge and building men it needs. Some of the roads in the Southeast report

severe shortages, while others in the same general area are experiencing only limited

shortages, the greater lack being in helpers and laborers. In general, carpenters have

attained a high seniority and consider that they have established sufficient equity in the

retirement fund to warrant their remaining in railway service despite the allurement of

higher wages, temporarily, in other industries.

In not a few instances, older or more skilled helpers have been upgraded to the rank

of carpenter, partly as an inducement to remain in service. Although this action may
have been warranted both as a means of recognizing ability and as a measure to keep

the forces intact, it has tended to increase the deficiency in helpers. Again some of the

roads are able to obtain an ample supply of carpenters and helpers at some towns along

their lines that are well removed from the competition of industrial areas, but are able

to use them only within a radius within which it is feasible to transport them to and

from work, as many of these men are unwilling to live in fixed camps or camp cars.

All but two of the railroads report shortages in signal maintainers and helpers in

amounts ranging from 10 to 70 percent. Only one road reported that it is having little

difficulty in obtaining the men it needs for signal maintenance, while another reported

* See Proceedings, Vol. 44, 1943, p. 292.
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only a slight deficiency. However, those roads that have kept their signal maintenance

forces most nearly to their authorization, have been able to do so only by hiring inex-

perienced men, and a number of them complain that the efficiency of these forces is

discouragingly low. As with bridge and building forces, the greatest loss is in helpers,

a considerable percentage of whom, in both instances, have been inducted into the

armed forces.

Machine operators comprise another class of labor in which there is a definite short-

age, not so much in actual numbers as in dependable men of experience. Most of the

roads have been able to select men from their gangs to run the machines, but these men
lack experience; yet, by force of circumstances they must be used at a time when the

need for experienced and well-trained operators is greatest. However, despite this effort

to pick up likely men and train them for this service, a number of roads report actual

shortages of as much as 25 percent.

Shortage Acute in All Areas and Growing Worse

While the shortage is acute in all parts of the country, except those somewhat limited

sections already mentioned, it varies in degree in different areas, being generally greatest

in the larger cities and around those war industries that are away from the larger centers

of population. In agricultural districts, less difficulty is experienced in obtaining track

labor locally, but it must be worked locally, for few of the men who can be recruited

are willing to work away from their homes. Outside of cities and other industrial areas,

the areas where labor is the scarcest, include Northern Illinois, Southern Wisconsin,

Nebraska, Kansas, Colorado, Western Oklahoma, West Texas and New Mexico. In the

Northwest, there is an extreme shortage west of the Missouri river, and the same con-

dition exists in all of the states west of the Rocky mountains, growing still more acute

along the Pacific coast. In the southeastern states, some roads report shortages in some

classes of labor and ample supplies in others, while on other roads in the same general

area the situation is reversed.

The labor situation is definitely more acute than it was a year ago and engineering

officers are convinced that it will grow more acute progressively as married men, upon

whom they have heretofore been able to rely to some extent, are inducted into the armed

forces. In general, the migration to war industries has slowed down of late, or ceased in

some areas, while in others there is a reverse movement, or such a movement is in prospect,

as military and industrial construction contracts are completed.

Experience shows, however, that this form of relief is temporary and localized, since

many of the men thus made available are unattached or come from other areas and drift

away in a short time in search of higher wages and shorter hours. This situation reveals

one of the difficulties which maintenance officers are facing in the procurement and reten-

tion of men. Those who have been released through the completion of construction or

other contracts have had a taste of high wages, often for work that is less arduous than

railway maintenance. Yet, in general, the railways must assign them to the lower-rated

jobs, partly because the need is greater in these ranks, and partly because seniority rules

require that this be done, largely regardless of skill.

In some sections, there is little or no difficulty in hiring men, but the turnover is so

great that the net effect is that of a shortage of labor. One road reports that in a certain

area where 300 men are employed, more than 3,500 men have passed through these gangs

during the summer. This continual turnover has kept the gangs in such a chronic state

of disorganization that the actual output has been well below the potential output of a

permanent force of this size.
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Usual Sources Dried Up
There is general agreement that the usual sources from which labor has been obtained

heretofore have been exhausted, and that such labor as can be obtained from now on
must be drawn from other industries or occupations, but that, because of differentials in

wages, there is little prospect of relief from this source, even from non-deferable occupa-

tions. In most cases, even in agricultural areas, no reservoir of native labor remains,

although recent rulings of the Manpower Commission may make it possible to employ

agricultural laborers for short periods during slack seasons on farms. However, these

periods commonly occur when they are of least constructive value for maintenance. There

is still some local labor in rural areas which can be employed if transported to and from

work, but this does not swell the total appreciably.

Most of those officers who discussed the possibility of employing war prisoners

expressed a willingness to employ Italian prisoners, but all of them are reluctant to use

Germans for fear of sabotage. Other officers suggested the need for importing Mexican

and Porto Rican or other West Indian labor, as was done during World War I, and all

of these men seemed willing to employ them. As a matter of fact, some Mexican labor

has already been brought in, but complaints of the Mexican government concerning the

conditions under which this was done have stopped the movement, at least temporarily.

A few suggested the employment of women, and of high-school boys during week ends

and the summer vacation, as the remaining possibilities.

Causes of Loss of Labor

How much has the differential in wages paid by the railways and other industries

contributed to the loss of men? It was the considered opinion of practically all of the

officers participating in this study that, excluding those who have been inducted into

military service, this is the principal factor contributing to this loss. However, several

officers are of the opinion that this is not a contributing factor at this time, or that its

effect is of little importance now, because practically all of the men who might be

attracted by higher wages have already left railway service. In some cases, an added

inducement for the shift to war industries has been that the men making this shift are

practically assured of exemption from military service; at least their deferment status is

greatly improved, a consideration that is rarely extended to track labor.

There was equal unanimity that this differential in wages is hampering efforts to

recruit men, for it can scarcely be expected that men will leave jobs paying high wages

to take others paying materially less, unless there are other inducements, which the rail-

ways are unable to offer. As one officer put it, "the railways are not in position to com-

pete with the fantastic wages that are being paid by industries to whom cost apparently

means nothing." There is also general agreement that any reasonable increase in wages

will not be of material benefit in recruiting new men, except, perhaps, in rural commu-

nities well removed from industrial centers. In this connection, it will be recalled that

the railways agreed to increase wages eight cents an hour, but that the increase was

disapproved by government authorities and held up until November 8, when increases

ranging from 10 cents an hour down were approved by these authorities. It was also

pointed out that even those industries that are paying wages far above the railway

schedule are also suffering from labor shortages, indicating exhaustion of the labor supply

in the areas in which they are situated.

Since there is little prospect that wages can be raised beyond those authorized in

November, and little probability that many additional men can be attracted if they are.

the majority of the roads are working some or all of their gangs either nine or ten hours.

This practice has two purposes, the accomplishment of more work and permitting the
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men to earn more money. Some roads have allowed the gangs to decide whether they

will work overtime and find that some gangs desire to do so, while others prefer to work

only eight hours. A few roads that had previously paid overtime only after ten hours

are now applying this rate after eight hours.

Last year, as the cost of food increased, a few roads undertook to absorb this

increase in their charges for board as a means of holding men. At present, this practice

has been greatly extended, with varying success, for some roads that have tried it report

that it has been a factor in holding men, while others say that it has had little or no

influence. One road is absorbing 60 percent of the total cost of the food served in its

labor camps, which has risen to $8.75 per man per week. Another road reported that

during the year it had absorbed the total cost of board in all of its camps, but that it

still has been unable to keep its gangs filled. In contrast, a considerable number of roads

are not absorbing the increased cost or any part of it, one road giving as the reason for

not doing so its belief that this would violate the wage stabilization regulations. Both of

the major roads in Canada are paying a cost-of-living bonus to their employees, and one

is also absorbing the increased cost of food in its labor camps.

Innovations in Recruiting Practices

This year, as last, the committee found few marked departures from previous prac-

tices in hiring labor, although local solicitation has been intensified and there has been a

much greater use of established agencies for recruiting men, as well as an extension of the

practice of transporting to the work daily men who refuse to accept employment away

from home. A few roads maintain their own labor-recruiting departments, and some of

these have been expanded; others have organized similar departments with field forces

of labor scouts; and still others are recruiting through commissary contractors to a

greater extent than formerly. A number of the railroads have taken advantage of gov-

ernment agencies, such as the Railroad Retirement Board, the United States Employment

Service and the War Manpower Commission, with varying degrees of success.

A large number of roads are carrying advertisements in local papers along their lines

and are using posters in stations and about the towns to call attention to their need for

men. In some cases, the posters and advertising state that men who respond will be

transported to and from work, so that they can still live at home. One road has been

able to hire men in towns off its line, because it has arranged with local owners of auto-

mobiles or trucks to transport them between home and the job. Another road has gone

to outlying farms in the same way, with some degree of success. Still others have estab-

lished labor offices in the larger labor centers to supplement existing agencies;

Other expedients that have been tried include interviewing high-school authorities

and solicitation of high-school boys themselves. In some states which maintain a rather

high minimum age limit for the employment of boys in railway maintenance, some roads

have been successful in obtaining reductions in this limit, for the duration, by presenting

their situation to the labor department of those states. Some roads have also worked

through county agricultural agents, with a view of finding where rural labor is available.

In Canada, it is necessary to obtain all additional labor through the Dominion Govern-

ment Selective Service Commission.

Character of Housing and Food

Even the most casual consideration of the discussions by the officers participating in

this study indicates clearly that the present labor stringency has impressed them deeply

with the need for improved housing and better sanitation at their labor camps, whether

fixed or itinerant. Before the present labor stringency began to develop, some roads were

already operating camps that were models of cleanliness and sanitation, while camps on
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some of the others were unattractive from every point of view. Almost all of the roads

reported that they have improved their housing facilities in recent months; a number
have installed electric lights, sanitary toilets, showers with hot and cold water, and lava-

tories, and still others have added recreation rooms or cars. Not a few roads have ex-

tended this campaign to include homes for section foremen and section laborers.

Several roads that have not maintained fixed camps previously have found it neces-

sary to establish such camps, and have built them along modern lines, one road going

so far as to erect brick sleeping quarters and dining rooms. Another road has erected a

number of fi.xed camps of prefabricated frame buildings and has even used these buildings

to house extra gangs that are not moved frequently. Still other roads have increased the

number of mobile camps, but ability to extend this practice has been hampered by the

fact that cars suitable for this purpose, both passenger and freight, cannot now be re-

leased from revenue service. It is of interest that several roads that have been notable

for the excellence of their camps in past years have been impelled to improve them still

further, with the view of making them even more attractive.

Food of Still Greater Importance

It is probable that in the past no feature of labor camps has been of more impor-

tance in the recruiting and holding of men than food and the way it was served. Floating

labor soon learns about those roads and particular camps where the food is substantial,

abundant and appetizing and gravitates toward them. The men are equally well informed

about where the food is poor and usually avoid such camps, even if the housing is

superior.

Maintenance officers have long recognized the importance of food and its prepara-

tion, so that it is not surprising to find that they are today giving it equal consideration

with housing. Difficulties have been encountered on some roads because of the restrictions

imposed by rationing, particularly with meat, for beef and pork have always been

principal articles of diet for men who labor hard at track maintenance. Other roads have

been able to obtain sufficient allotments of food to meet their needs. So far as they have

been able, most roads report that they have improved the "tables" in their camps.

It is well established that if special attention had not been given to food, some roads

would be in much worse position with respect to labor than they now are, for it is the

general belief that good food, coupled with more attractive camps, has been a factor in

holding men, only two roads expressing the belief that it has no influence now.

While there appears to be no doubt that floating labor has been retained in service,

to some extent at least, by good food, it is not equally clear that it has been of any help

in attracting men to railway service during the last year; in fact, a number of roads report

specifically that it has not, while others are not sure, and only a few are positive that

it has helped.

Selective Service Deferments

In general, the same policies are being followed with respect to deferments as pre-

vailed last year—that is, they range from no requests for deferment to asking for the

deferment of all employees. However, as the labor situation grows tighter, more attention

is being given to the retention of the men who remain, even including laborers, whom
few roads included in their requests a year ago. As the demand for more men for the

armed forces has increased, many of the selective service boards have begun to "scrape

the bottom of the barrel," and it is becoming more difficult to obtain deferments for

other than key men who are irreplaceable. On the other hand, the recent circular of the
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Selective Service listing critical occupations, has been of benefit, and a number of roads

have prepared replacement schedules which are giving better results.

The action of the selective service boards follows no apparent pattern. Some roads

report that substantially all of their requests are granted, while others report that all but

a limited number, principally for highly skilled or technical men, have been refused.

Between these extremes, the requests granted range from 1 to 80 percent. Some boards

either grant no deferments or only a limited number below the grade of supervisor;

others defer all foremen and practically all skilled workers; while still others give no

consideration to other than welders or track foremen. Taken as a whole, however, the

roads report a reasonable degree of success, except for track laborers, and where the

shortages are extreme some boards has granted deferments to this class of labor. On the

other hand, as several officers remark, this reUef has been almost negligible, for before

this concession was obtained, they had lost all but a few of the trackmen of military age.

Recalling Pensioned Employees

Practically all of the roads have given consideration to the recalling of pensioned

employees, especially foremen and those who are skilled in some phase of maintenance.

Those roads that have gone so far as to solicit their return have found, however, that the

results have been negligible, for most of these men, including even those who appear to

have retained their physical fitness, have "softened" to such an extent that they are no

longer able to stand the strenuous demands that characterize maintenance work. Only a

few men have returned in response to these calls, and it has been necessary to give them

light tasks that are of little help in the general situation. On the other hand, a number

of roads have been prevented from exploring this possibility by reason of labor agree-

ments that prohibit the recalling of men who have been pensioned.

In contrast with the lack of success in recalling pensioned employees, all but a few

of the roads are encouraging employees who reach the retirement age to remain in

service, provided they are physically fit to do so. In general, this effort has been suc-

cessful, for, even though they have reached the retirement age, most of these men are

able to continue at their work with little impairment of their efficiency. Many of them

have relatives or friends in the armed forces and, since they consider that their employ-

ment will be a factor in winning the war, most of them are desirous of remaining at

work. As an indication of the attitude of these men, several officers advise that during

the last year none of their maintenance employees has retired, and another reports that

the only retirements in his department for more than two years have been men who

were obviously unable to continue their work.

Relaxing Age and Physical Requirements

Information incorporated in the previous report of this committee indicated a

rather widespread relaxation of the upper age limit for persons entering the maintenance

forces; generally, this limit has been raised from 45 to 55 years, although a few roads

have gone to 60 years and others have fixed 50 years as the maximum. At the other

extreme a few roads have lowered the age at which men can be hired to 19 years, and

a smaller number have gone as low as 16 and 17 years. A similar relaxation in physical

requirements has been recorded. A year ago, an undertone of doubt on the part of many
officers was clearly discernible, for they were wondering whether they were warranted

in making such radical changes in their former practices, and a number of them went so

far as to predict an aftermath of trouble as a result of this relaxation. In contrast to this

attitude of foreboding, this year no officer expressed any concern about the future, and
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several of them said bluntly that they are taking on any one who can see clearly and
has the appearance of being able to do a day's work.

Specifically, while many of the roads retain 55 years as the upper limit, a few more
than last year have increased the hiring age to 60' years, and two roads have gone beyond
this for temporary employment only, one having fixed the limit at 64 and the other at

65 years. A still larger number have reduced the lower hmit to 18, 17 and, in some cases

to 16 years. In some states, in which rulings of the state labor department prohibit the

employment of boys younger than 18 years for trackwork, several roads have obtained

a relaxation of this rule for the duration of the present crisis.

Substantially all of the roads have also relaxed their physical standards, for they

recognize that fully able-bodied men are no longer available. Minor defects are over-

looked generally and in some cases men possessing major defects are hired, provided

these do not incapacitate them from work and they are willing to sign waivers for per-

sonal injury claims. One exception, however, that seems to be general is that of defective

vision. A few roads report that they have not relaxed their previous requirements in any

degree, while one officer states that physical requirements are "things of the past", and
another advises that on his road these requirements have been so fully relaxed that

"we cannot go further". One road requires physical examinations only for men 60 years

and older.

Employment of High-School Boys

Although the labor situation was giving concern to maintenance officers a year ago,

few of them foresaw the extent of the shortage that was to develop by the beginning of

the working season this year, and still fewer visualized the expedients that they would

find it necessary to employ to carry on the work with which they were to be burdened.

However, by the time the 1943 active working season opened the usual sources of labor

had so nearly dried up that it became necessary to tap new sources if the work was to

be done. One road was alert to the possibility of using high-school boys and made

extensive preparations to do so.

While a few of the boys were used successfully over week-ends before school closed,

the real preparations were made for full time vacation work. The boys were segregated

from other gangs and kept in camps of their own, where special provision, including

recreational facilities, was made to care for them. Generally, the athletic coach accom-

panied them, acting as their leader and monitor and keeping their time. This experiment

was rated as a success, and this road reports that this form of employment is now being

encouraged to the fullest possible extent.

Two other roads reported that they had followed a similar plan with success, but

as one of them was able to obtain only about 60 boys, they did not supply a very large

percentage of the labor needed. Numerous other roads also employed limited numbers of

high-school boys in their regular gangs. A number of the roads are still continuing to

employ them part time over week ends since the schools opened.

Utilizing Part-Time Workers

Probably the most notable and dramatic innovation in the utilization of labor from

new sources is that which took place on the Pacific coast during the past year, where

one road obtained surprising results through week-end employment of lawyers, doctors,

bankers, school teachers, college professors, students, storekeepers and other "white

collar" workers from the towns along its lines.
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Although the origin of the plan, which developed into a large and coordinated

effort, was almost accidental, when the railway explained frankly to the citizens of the

various communities which it served, its situation with respect to labor, the response was
httle short of phenomenal. During the spring and summer a large amount of track and
other maintenance work was completed, including laying rail, renewing ties, surfacing,

cutting weeds and other related tasks. In addition, some of those who possessed sufficient

skill were placed in bridge and building gangs, and a few were utilized in a wood shop

operated by the engineering department. In some communities, so many persons re-

sponded to the call to "help the railroad out", that business was practically suspended

over the week-end.

Few of the roads reporting on this phase of recruiting labor made any effort to

utilize week-end or other part-time labor, except those that are using high-school boys.

Some of the roads which had endeavored to utilize clerical and other office workers

reported little or no success with the plan, while other roads did not comment on the

results.

Filling Vacancies With Women
At the time the previous report of this committee was prepared, only four roads

were employing women in maintenance of way work, and one of these was using them

only as crossing watchmen. At that time, also, there was an evident undercurrent of

hope on the part of many of the remaining officers who participated in that study, that

this expedient would not become necessary. It is of special interest, therefore, that since

that time the shortage of men available for maintenance of way work has become so

critical that 21 of the 41 roads whose activities we have analyzed are now employing

women for various purposes, including track work, policing, crossing watchmen, bridge

and building work and painting, and others are considering this expedient for next year.

It is also known that a number of the roads that are not included in this study are

employing women in various maintenance occupations.

Three roads report that they have tried to organize gangs of women without success.

Two of them, in highly industrialized territory, have found that women who were able

to do the work contemplated are also able to command higher wages under more favor-

able working conditions in other industries, so that the railways' proposal has not

attracted them. The third road endeavored to recruit women for poUcing, but got such

little response that the effort was dropped. Most of the roads that have not yet under-

taken this expedient are either unwilling to do so except as a last resort, believe that the

scheme is not feasible or feel that the efficiency of such gangs will be too low. Almost

without exception, however, those who have tried this expedient are planning to expand

their effort during 1944, not only to increase the number of women employed in outside

work, but to include new tasks.

Almost all of the roads that are employing women, including those that are making

the most extensive use of them, are using them for such work as policing station grounds

and yards, tending switch lamps, flagging crossings, oiling switches and rail joints, weed-

ing track, dressing ballast, tightening bolts and other similar work. In addition, one road

reported that women are icing cars and taking care of fruit shipments—tasks which

section men formerly performed.

Seven roads report women doing section work, in addition to those engaged in the

tasks already enumerated, and four of these roads are working women in extra gangs.

Several roads that have heretofore used them only for lighter work, propose to try them

surfacing track next year. Those roads which have achieved the greatest success in the

employment of women have found that they obtain the best results by segregating the
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women into all-women gangs with men foremen. One of the principal reasons for this is

that the women are not as strong as the men and it is difficult for them to keep up,

while it is not easy to arrange the assignments in such a way that all of the lighter work

will fall to the women and the heavier work to the men. It has been found in some cases,

also, that men object to working with women on the ground that they are paid the

same rate but are not able to do the same amount of work.

Experience has shown that women can raise and surface track, and put in ties and

tamp them, but are not effective as spikers. For this reason, it is desirable to have one

or two men in the gang, depending on the number of women employed, to do the spiking

and the heavier work of handling the ties. One road reports that an extra gang of women
relaid several miles of rail in passing sidings and a small amount in main track on its

lines.

Must Have a New Approach

Those who have been most successful in the employment of women in track work
have found it necessary to revise their point of view with respect to the handling of the

gangs, to the foremen's relation to members of their gangs and to methods of discipline;

in fact, to the whole psychology of running a gang. Women have an entirely different

outlook from men; they come to the job with no background of understanding what is

expected of them or why they do the various tasks allotted to them. More patience is

required of the foreman, but it is found that if he will explain the reasons why the work
is being done and why it must be done in a certain way, women will do better work
after they absorb this information.

Experience also shows that women are not able to do the same amount of work as

men in a given time, but that, if they understand what they are doing and why, they

can be expected to do their work as well, provided it is within their physical capacity.

However, they tire more easily. than men, particularly in the early days of their employ-

ment, and if the foreman is alert to recognize signs of weariness and allow those who
are tiring short periods of rest, he will accomplish more work. Various roads report that

they are getting from half to two-thirds as much work from their track gangs of women
as from the same number of men.

In addition to the work incidental to section and extra gangs, one road is using

women as painters, and several others are employing them in bridge and building work,

while a considerable number of roads have replaced men at grade crossings with women,

although some of these roads do not employ women otherwise. One road has gone so far

as to institute an in-plant training course to fit women for bridge and building work

and other skilled occupations.

Employing War Prisoners

In view of the large number of war prisoners now in the United States and Canada,

inquiry was made whether consideration has been given to their employment. One road

in Canada reported that it has 40 Italian civilian prisoners in its employ, who have not

been in service a sufficient time to determine whether they will be satisfactory. Only one

road in the United States reported such employment—that of German and Italian sailor

internees. This road reported that these men were one of its best sources of labor for

extra-gang work, and that the men so employed had given good service.

A relatively large number of roads have given consideration to the employment of

war prisoners in maintenance; 12 roads report that they have investigated the possibility

of obtaining labor from this source and 8 of them have made appHcation for prisoners.
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Some of the latter met with refusal, while others received no reply to their requests.

A number of those who have investigated the possibilities charge that this plan for

obtaining much-needed help had been blocked by opposition of organized labor.

Has Foreign Labor Been Imported?

None of the roads participating in the study has employed imported groups of

foreign nationals, except from Mexico, of whom a considerable number were imported

before the Mexican government suspended the movement. A number of roads report

that their employment of Mexican labor has ranged from 500 to 750 during the year,

substantially all of whom have been placed in extra gangs. These men have come in

under definite contracts for a specified time, after which they are to be returned to their

country. Some have indicated a desire to return at the termination of the contracts, and

they will be allowed to do so, while others desire to remain indefinitely. Whether the

latter can be permitted and whether additional importations can be made, depends on

the attitude of the Mexican government during the next few months. It is understood

that the United States is carrying on negotiations to this end. One road that did not

participate in this study employed a gang of Japanese internees with success. One road

that used gangs of Mexican nationals in 1943 advises that they were unsatisfactory by

reason of absenteeism and indulgence in liquor. Other roads, however, report them as

satisfactory.

Owing to the difficulties they have experienced in obtaining native labor, many roads

are giving special consideration to the possibilities of employing Mexican or other foreign

labor in 1944. Some of these roads now have negotiations under way looking to this

objective, while others are awaiting the outcome of these negotiations and, if they prove

successful, intend to make similar applications.

One road reports that it endeavored to obtain the necessary preliminary certificate

from the War Manpower Commission, but that it was unable to do so and dropped the

matter. In connection with these proposals, it was predicted that if the present restric-

tions on importation are raised, the demand will exceed any probable supply.

Other Means for Obtaining Labor

In general, the foregoing include all of the important means that have been em-

ployed to increase the number of laborers and skilled workers by the roads under study.

However, two variations in the methods that have been discussed were reported, these

being the employment of Jamaican negroes and the recruiting of American Indians. The

Jamaicans, who were employed as a ballast gang on one Mid-Western road, were ineffec-

tive and unsatisfactory, but the Indians, who came from New Mexico, did good work as

long as they remained, and the two roads employing them would be glad to get more

of them.

Other means of obtaining men not already discussed include obtaining honorable

discharges for former employees who are beyond the age for effective military service.

Also, several roads have contracted as much of their building maintenance as possible,

to relieve the pressure on their regular forces, which results in a virtual increase in the

number of men employed.

Efficiency of Labor Has Dropped

As the different classes and types of labor available have been discussed, some men-

tion has been made of their efficiency. However, more detailed study of this feature of

the labor problem is desirable, and the officers who participated in the investigation were

asked to outline their experiences with this phase of the subject. Without exception, they
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agree that the labor now obtainable is definitely less efficient than that of prewar days,

although their estimates vary from 50 to 75 percent, compared with two years ago, the

majority placing it at about 60 percent.

In general, a part of the inefiiciency that has been encountered results from lack of

experience, particularly on the part of the high-school boys and women who have been

employed in considerable numbers. However, several roads report that the efficiency of

the boys increased rapidly as they became familiar with their tasks and accustomed to

the use of tools. Two roads attribute the lowering of the average efficiency on their roads

to the fact that the Mexican labor they have obtained has not been familiar with railway

work, and to the length of time that it has taken to train them, as they are unable to

speak English.

The major reason for the decrease in efficiency is attributed to relaxation of the

former age and physical requirements which have brought in many persons who are

unable to turn out as much work as the stronger and sturdier men who were employed

prior to the war. Another reason mentioned by several officers is the growing independ-

ence, or insubordination, on the part of casual workers, whose "if you don't like it, we
can go elsewhere" attitude is evidenced particularly in extra gangs. A considerable number

of roads report no noticeable drop in the efficiency of the men working on their sections.

Several officers took occasion to pay tribute to the loyalty of their foremen, their

skilled workers and other regular employees who have remained in the service, advising

that there had not only been no drop in their efficiency, but that many of these men

were deeply concerned over the labor situation and in not a few cases are working

harder than they did under normal conditions.

Summary

The shortage of labor which began early in 1942, and which was discussed in the

previous report of this committee, has increased greatly in severity during the last year,

until it has now become critical in all occupations and in all but a few circumscribed

areas. While two causes are primarily responsible for this situation, namely, the continued

induction of men into the armed forces and the expanded competition of industry with

the higher wages it offers, a collateral cause is the extraordinary increase in traffic which

has made necessary larger forces to maintain tracks and structures in condition for the

prompt and uninterrupted movement of men and munitions, as new fighting fronts have

developed or are in preparation.

Information gathered from every section of the United States and Canada indicates

that no relief is in sight but rather that the present shortage of men will continue and

that it will become progressively more acute, possibly at a slower rate than in recent

months but nonetheless surely, as married men are drafted into mihtary service.

Conclusions

1. Labor is the number one problem of the railways and their maintenance of way

officers today.

2. No single measure will meet all requirements; an expedient that may be successful

in one case may fail in another. Maintenance officers must study conditions on their

individual roads, search out all possible sources of labor and apply all measures which

they believe will develop some labor. No one expedient will be fully satisfactory, but if

each one adds a few to the number needed, the cumulative effect will be helpful.
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3. Maintenance officers must revise their thinking with respect to many practices of

long standing, devise expedients of various kinds to attract labor, develop new sources,

and intensify solicitation from established sources.

Possible measures include (not in the order of importance)

:

(a) Extension of the working day to nine and ten hours.

(b) Recalling pensioned employees—this has been of little benefit.

(c) Retention in service of employees reaching retirement age.

(d) Obtaining deferments from military service.

(e) Obtaining honorable discharges for men over military age.

(f) Up-grading semi-skilled employees.

(g) Relaxing age and physical requirements for employment,

(h) Contracting building maintenance.

(i) Intensified solicitation, including advertising.

(j) Expansion of employment department.

(k) Use of established employment agencies.

(1) Use of government employment service.

(m) Working through county agricultural agents to develop new sources of labor.

(n) Establishment of more labor camps.

(o) Better housing in both fixed and itinerant labor camps.

(p) Improved food in labor camps.

(q) Absorption of increased cost of food for floating gangs.

(r) Transporting labor to and from work.

(s) Employment of women.

(t) Employment of foreign labor in groups.

(u) Employment of war prisoners.

(v) Employment of civilian internees.

(w) Employment of high-school boys.

(x) Part-time employment of professional men, merchants and others living in

communities along the line,

(y) Institution of training courses for skilled workers.

4. A new situation has arisen with respect to labor, in which many conceptions must

be discarded, at least for the present. Labor must now be handled on a realistic basis in

conformity with actual requirements, rather than on the basis of preconceived ideas or

wishful thinking.

Report on Assignment 11

Review Means of Meeting the Current Shortage o£ Chemicals and

Fuel Oil for the Destruction of Weeds in Railway Tracks

J. S. McBride (chairman, subcommittee), Lem Adams, C. W. Baldridge, Armstrong Chinn,

C. M. Chumley, C. G. Grove, E. T. Howson, Roy Lumpkin, J. B. Martin, G. M.
O'Rourke, W. G. Powrie, G. M. Strachan, E. C. Vandenburgh.

This report is submitted as information.

The director of the Division of Railway Transport of the Office of Defense Trans-

portation, as claimant agency of the railroads, on July 20, 1943, wrote the president of

the Association of American Railroads reviewing the shortage of chemicals for weed

killing and suggested that the AAR might wish to make tests of other chemicals for this
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purpose. Information was also received from the AAR that the use of oil as a vehicle for

spraying creosote or some other toxic was prohibited and that oil available for weed
burning was limited. Because of this emergency your committee was asked to study this

problem.

Importance of Weed Eradication

The AREA at various times in the past has given consideration to the growth of

weeds and other vegetation in railway tracks and has approved and included in the

Manual the following statements with respect to such growth:

The elimination of weeds and other vegetation from the roadbed is essential for

economical maintenance of track.

In the track, the elimination of vegetation facilitates drainage, increases the life

of ties, reduces the fouling of ballast and otherwise decreases the cost of track

maintenance.

The greatest economy is effected by reducing to the minimum the amount of hand

weeding through the use of mechanical and chemical aids.

A report of this committee (Proceedings, Vol. 43, 1942, pages 242 and 243) points

out that vegetation in the ballast blocks drainage, results in churning of the joints and

loose ties and, as the vegetation increases the drainage function of the ballast is destroyed,

producing rough track. Rough track requires additional labor to maintain it and this

report states that this increased labor cost amounts to approximately $30 per mile of

track per year in maintaining the surface of the track. The report further shows that in

track full of vegetation the amount of labor to renew cross ties is increased 10 to SO

percent.

Inability to rid track of vegetation, would increase the labor requirements of rail-

roads of this country for the maintenance of track surface and the renewal of cross ties

by tens of millions of man-hours per year. The increase in traffic brought about by the

war has already resulted in large increases in track maintenance, so the railroads are

not in a position to assume the additional labor burden occasioned by vegetation in

track, during the present shortage of manpower.

Vegetation in track also increases the labor requirements for other items of track

maintenance, seriously interferes with the inspection necessary for proper maintenance of

track and reduces locomotive traction.

The methods that have been developed for eliminating weeds and other vegetation

in track are spraying with chemicals and the use of oil in spraying or burning the vege-

tation. The chemicals and oil are critical materials in prosecuting the war and therefore

should be conserved as much as possible.

Chemicals for Weed Killing

Arsenic and sodium chlorate, the two chemicals commonly used for weed spraying,

are listed among the critical materials and in order to conserve such material the railroads

have tested various compounds to reduce the percentage of arsenic or sodium chlorate

and have also tried substitute materials. One southern road advises that it has tried about

everything that anyone, including U.S. Department of Agriculture, has suggested. Some
of the tests and the results obtained are described below:

The extension of arsenic by combination with various oils has been tried. One road

reports that this material seems to kill the portion of the vegetation above the ground

but does not have as much effect on the roots as the arsenical compound, and other roads
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state that while the results obtained are fairly satisfactory they are not the equal of the

arsenic solution previously used.

A solution primarily sodium bi-sulphate with a small percentage of arsenic has been

used but the treatment was practically a failure. It did not kill the grass, but while it

did kill weeds that were growing at the time, these weeds in many instances regrew.

A test was made of sodium chlorate extended with borax and caustic soda, following

a suggestion of a representative of the Department of Agriculture. A concentrated solu-

tion, each gallon containing Y^ lb. of sodium chlorate, 2J/2 lb. of borax and 54 lb. of

caustic soda, was diluted with SO percent of its volume of water. One mile of track was

treated at the rate of ISO sq. ft. per gal., another mile at the rate of 250 sq. ft. per gal.

and the remaining 41 miles at the rate of 200 sq. ft. per gal. This treatment was applied

in the State of Georgia in weather which was hot and dry and which continued so for

six or eight weeks following the treatment. The vegetation was predominantly Bermuda

and Johnson grasses. There was a slight wilting of the vegetation shortly after treatment,

but within a few days this wilting completely disappeared and there was no indication

that any treatment had been applied. Not only was the test ineffective but the railroad

suffered the loss of the sodium chlorate, as well as the train service and labor expended

in the treatment. A like test on another road was equally ineffective.

Borax in powdered form was applied in Mississippi, Georgia and Virginia at the

varying rates of 10 lb., 20 lb., 30 lb., and 40 lb. per square rod. In Mississippi 11 days

after the application there was hardly any sign of treatment except where 30 lb., or more,

per square rod was used. New growth of Bermuda grass was showing in all cases. This

material had no effect on nut grass, regardless of the rate of application. In the case of

milkweed and sticker weed the foliage was killed and fell off, but new foliage was in

evidence in 11 days. The test in Virginia also failed to give any positive result. Advice

was not received of the result of the test in Georgia but it is presumed to be a failure,

as a western road also reported that a small test of borax gave unsatisfactory results.

Even if this material proved satisfactory in killing vegetation, the cost (2J^ cents per

pound applied at the rate of 30 lb. per square rod) would make its use prohibitive.

A special borate material furnished by a borax company was applied in Northern

Virginia, Georgia and Alabama, two to three tons being used in each location. It was

applied at the rate of 10 lb., 20 lb., 30 lb., and 40 lb. per square rod. The season was very

dry in Northern Virginia during the past summer and since borax or borate material is

difficult to bring into solution it is concluded that it is too early to get a dependable

report. Later another application was made in Virginia and wetted down with water,

but there are no reports of its efficiency. In Alabama the material was applied during a

period of ample rainfall, and six weeks after application the grass was apparently dying

at the roots, as the bases- of the plants and edges of the leaves were brown. The appear-

ance of Johnson grass was said to be about what it would be three days after having

been burned over with a weed burning machine, and the appearance of Bermuda grass

about what it would be one day after having been burned by weed burner. It is thought

that perhaps a 30 or 40-lb. application per square rod would be required but it is too soon

to make any statement as to how long the grass will be retarded. No approximation of

the cost was furnished.

A herbicide, or weed killing treatment, has been applied by the Bureau of Ento-

mology of the Department of Agriculture as a part of a program for the eradication of

the white fringed beetle. This is an emulsion of water with burner C oil, arsenic in small

quantities and caustic soda. This chemical was applied over large areas in and around

New Orleans, La., and Mobile, Laurel, Miss., Goldsboro, N.C., and other places. The

information received indicates that this is a fairly effective weed killer.
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One western road has used 8,000 gal. of arsenic oil but the reports supplied to date

indicate that it was not very satisfactory.

During the past two or three years, .one southern road has made tests on 100 or

more small plots using such chemicals as tetrachlorethane, calcium thiocyanate and

ammonium sulfamate. None of these tests gave very good results and officers of the

railroad have concluded that further testing of these chemicals is not warranted.

One western road applied to salt grass a petroleum by-product, put out by one of

the oil companies. The results of this test were unsatisfactory.

Several roads report the use of sodium chloride (common salt). Rock salt has been

placed around telegraph poles and signal poles, underneath trestles and around buildings,

and will kill vegetation if used in sufficient quantity. A producer recommends two to

five pounds per square yard. It is claimed this treatment is effective for two or three

years but it is expensive. Refuse salt used on bindweed and scattered on the right-of-way

by hand proved very satisfactory. Neither the rock salt or refuse salt could be used on

track because of its corrosive action on the rail and steel fastenings.

It was reported that two southwestern roads were using coal tar for killing vegetation

but on investigation it developed that one of these roads had never used either coal tar

or oil for this purpose. The other railway had not used coal tar but was spraying a mix-

ture of creosote and oil to kill vegetation and prefers this treatment to the use of

chemicals or burning.

Steaming Vegetation

Some roads use an oil spray for the distribution of creosote as the toxic agent for

killing vegetation. When the shortage of oil precluded this practice, one railway equipped

a number of cars for spraying with steam, which is supplied by the locomotive that hauls

the outfit. Officers of this road state that the speed of such outfits is IJ^ m.p.h. and that

the steam is effective only to the ends of the ties. Another road that has been using

steam to scald vegetation for a number of years reports that the results are quite satis-

factory, particularly on secondary and branch lines where appearance is not of prime

importance. The weeds are killed by the action of steam, but they stand in place until

the dry stems are broken off by the action of passing trains, and the soil is not sterilized.

This road operates the steaming equipment at a speed of three to six miles per hour.

Two other roads report that they abandoned the steam treatment because of poor results

and high cost.

Use of Oil Burners

That many roads have been burning vegetation, is attested by the fact that some

540 burners, ranging from the one-burner type to the largest burners, are owned by the

roads in this country. There is no substitute for oil in weed burners but oil can be con-

served by the application of proper methods and the use of the right oil. Tests made in

the State of Wyoming of different methods of burning, indicate light burning is prefer-

able, as brought out in the following excerpt from an article. Methods of Noxious Weed
Control, by C. L. Corkins, state entomologist:

The most important factor in the burning process is lightly to sear the plants,

rather than heavily scorch or completely consume them. The flame should be

passed rapidly over the upper surfaces of the foliage so it is seared so lightly that

the plant will not entirely wilt down to the next day. Tight burning is like a clean

cut at the surface of the ground. The plant springs up into life again almost imme-

diately. Light searing kills the plant several inches down into the root system. By

what physiological process we do not know.
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Burning tests in North Dakota at speeds of four, six, eight and ten miles per hour

demonstrated that operating speeds of seven to eight miles per hour produced the most
satisfactory results, in fact, just as effective as speeds of four to six miles per hour.

This method of burning while satisfactory in the semi-arid northwest, has not proved

satisfactory in other parts of the country where vegetation is more abundant, the grow-

ing season longer and rainfall much greater.

The use of heavier oils does not give the complete combustion and high heat required

for efficient economical weed kilUng. Extreme heat quickly applied is efficient weed kill-

ing. Therefore manufacturers of weed burning equipment recommend U.S. Bureau of

Standards No. 3 oil, -the specifications of which are as follows:

Gr-'Uje.—No. 3 Fuel Oil—a distilUate oil for use in weed burners requiring a low

viscosity.

Fl.ash Poln-t.—Minimum 110.

Fl.ash Poin't.—Maximum 230.

Pour Point of Maximum 20.

Water and Sediment, Percent Maximum.—0.10.

Carbon Residue, Percent Maximum.—O.lS.

Distillation Temperatures, 90 Percent—Maximum.—675.

Distillation Temperatures, 90 Percent—Minimum.—600.

\'iscosiTv Seconds—Saybolt universal at 100 deg. F.—Maximum: 45.

Conclusions

1. It is essential that track and roadbed be kept free of vegetation.

2. The present shortage in manpower and the additional labor required for increased

maintenance because of war traffic are such that the railroads could not take on the

added burden of trying to maintain tracks full of vegetation.

3. Extensive tests have failed to develop any satisfactory substitute for arsenic or

sodium chlorate for killing vegetation chemically.

4. There is no substitute for oil in burning vegetation and the only substitution for

oil treatment is the chemical treatment.

5. Sufficient arsenic, sodium chlorate and oil must be allocated to the railroads to

enable them to rid their tracks and roadbeds of vegetation if they are to continue to

function efficiently in their war effort. There is a proper time for killing vegetation and

the chemicals and oil should be available at that time. This time for treatment varies in

different parts of the country.

6. Numerous states have laws requiring the destruction of certain weeds on railway

right-of-way to protect adjoining agricultural crops and seeds. The chemicals and oil

required for the treatment of such weeds on the railway right-of-way should be consid-

ered part of the agricultural allotment as they are used for the protection of agriculture.

7. Every effort should be made to use the materials allocated to the best advantage

to conserve these critical materials as much as possible.
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To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Progress report, including recommended revisions page 142

2. Preparation of specifications for railway buildings.

Progress report, including recommendations for publication in the Manual. . page 142

3. Design of facilities and equipment for spray painting of rolling stock.

Final report, presented as information page 154

4. Design of shop facilities for Diesel locomotives.

No report.

5. Direct locomotive coaling devices.

Final report, presented as information page 160

6. Sanding facilities for Diesel locomotives.

Final report, presented as information page 164

7. Fire-resistant wood for railway buildings, collaborating with Committee 13

—Water Service. Fire Protection and Sanitation and Committee 17—Wood
Preservation.

Progress report, presented as information page 166

S. Continue the study of means for conserving labor and materials including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Buildings,

A. B. Stone, Chairman.

AREA Bulletin 442. December 1943.
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Report on Assignment 1

Revision of Manual

G. A. Belden (chairman, subcommittee), W. T. Dorrance, F. R. Judd, L. H. Laffoley,

H. C. Lorenz, A. L. Sparks, S. G. Urban, O. G. Wilbur.

The committee recommends the adoption of the following revisions of the subject

matter now published in the Manual in Chapter 6—Buildings:

Specifications for Railway Buildings

II

EXCAVATION, FILLING AND BACKFILLING

Page 6-6, paragraph 214, Pile Foundations

Delete the first two sentences of the second paragraph under 214, and substitute the

following:

Timber piles shall be of the species designated by the Engineer or shown on the

drawings, and shall conform with AREA Specifications for Wood Piles. Piles that are to

be cut off below permanent moisture, shall be second-class piles, and need not be peeled.

Piles that will extend above the line of permanent moisture, shall be first-class piles,

and shall be peeled and treated with No. 1 creosote oil, full cell process, in accordance

with AREA Specifications for the Preservative Treatment of Wood.

XXVI

ASPHALT MACADAM PAVEMENTS

Page 6-151, paragraph 6, Asphalt Cement Binder

Delete the present paragraph and replace it with the following:

The asphaltic cement shall be of the grade and quality designated by the Engineer

in the Special Provisions of the contract.

Report on Assignment 2

Preparation of Specifications For Railway Buildings

F. R. Judd (chairman, subcommittee), C. E. Booth, H. M. Church, Hugo Filippi, A. C.
Irwin, L. P. Kimball, H. C. Lorenz, A. B. Stone, 0. G. Wilbur.

Specifications for welded structural steel were prepared and submitted to the Asso-

ciation in 1942 as information. In 1943 they were submitted with the recommendation

that they be adopted for inclusion in the Manual, and action on this recommendation was

taken through letter ballot, 355 votes of approval and 14 votes of disapproval being

received.

However, because of written criticisms that were offered with some of the ballots,

the committee gave notice to the secretary of a recommendation that the specifications

be withheld from the Manual pending careful study of the comments made. Following
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the approval of this recommendation by the Board of Direction, the committee reviewed

the specifications and introduced changes as follows: Paragraph 3—Safety Precautions,

and 29—Design of Welds. The caption of new Paragraph 31—Field and Shop Welding

—

has been changed from "Shop Welding", and new Paragraph 31(h), concerning experi-

enced welders, has been somewhat amplified.

The committee recommends the specifications as presented in revised form below be

adopted for publication in the Manual.

1203. WELDED STRUCTURAL STEEL

1944

A. General

1. Scope

(a) Under this heading shall be included the furnishing, fabrication, erection, in-

spection, and in some instances the design of all structural steel as shown on drawings,

specified or implied as being necessary. All welding shall be by the electric shielded arc

method except as hereinafter provided.

(b) Contracts which terminate with fabrication and delivery shall include the

preparation of field electrode filler material lists. The contract shall also include the

furnishing of this material which may be required for erection. The amount of this

material shall be, at least, IS percent in excess of the estimated actual requirement.

Such contract shall not include the furnishing of any devices to hold the component

parts together previous to welding, guys, or other temporary parts or devices.

(c) If any riveting or bolting is to be done in connection with this contract, it

shall be performed in accordance with Specification 1201, Structural Steel and Iron.

(d) Oxyacetylene or gas welding may be used only upon written consent of the

Engineer.

2. Plans

(a) See Section XII-1201, Structural Steel and Iron, Article 2(a)—AREA Specifica-

tions for Buildings for Railway Purposes.

(b) See Section XII-1201, Structural Steel and Iron, Article 2(b).

(c) See Section XII-1201, Structural Steel and Iron, Article 2(c).

3. Safety Precautions

(a) Protection from Rays.—Operators of welding and cutting equipment shall be

properly protected from the rays by the use of goggles, helmets or hand shields equipped

with suitable filter lenses. Broken or damaged glasses or lenses that would impair the

operator's vision shall be replaced.

Operators shall protect their hands by wearing gloves.

(b) Ventilation.—All spaces where welding is being done shall be properly ventilated

during the operation of welding.

(c) Fire and Explosion.—Necessary care shall be exercised so as to avoid any risk

of fire or explosion when welding near flammable or explosive materials.

(d) Public Protection.—Suitable protection against the light of the arc shall be main-

tained where the welding operations may be viewed within harmful range by persons

other than the welding operators and inspectors.
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B. Material

4. Material

(a) See Section XII-1201, Structural Steel and Iron, Article 3(a).

(b) Filler material shall conform to the American Welding Society's current speci-

fications for iron and steel arc welding electrodes.

(c) See Section XII-1201, Structural Steel and Iron, Article 3(c).

(d) See Section XII-1201, Structural Steel and Iron, Article 3(d).

(e) See Section XII-1201, Structural Steel and Iron, Article 3(e).

(f) See Section XII-1201, Structural Steel and Iron, Article 3(f).

(g) See Section XII-1201, Structural Steel and Iron, Article 3(g).

(h) The surfaces to be joined by welding shall be clean and free from corrosion,

oil, water or other foreign matter.

C. Loads and Forces

5. Loads and Forces

(a) See Section XII-1201, Structural Steel and Iron, Article 4(a).

(b) See Section XII-1201, Structural Steel and Iron, Article 4(b).

(c) See Section XII-1201, Structural Steel and Iron, Article 4(c).

(d) See Section XII-1201, Structural Steel and Iron, Article 4(d).

(e) See Section XII-1201, Structural Steel and Iron, Article 4(e).

(f) See Section XII-1201, Structural Steel and Iron, Article 4(f).

(g) See Section XII-1201, Structural Steel and Iron, Article 4(g).

6. Reversal of Stresses

See Section XII-1201, Structural Steel and Iron, Article S.

7. Combined Stresses

(a) See Section XII-1201, Structural Steel and Iron, Article 6(a).

(b) See Section XII-1201, Structural Steel and Iron, Article 6(c).

8. Members Carrying Wind Only

See Section XII-1201, Structural Steel and Iron, Article 7.

9. Composite Beams

(a) See Section XII-1201, Structural Steel and Iron, Article 8(a).

(b) See Section XII-1201, Structural Steel and Iron, Article 8(b).

(c) See Section XII-1201, Structural Steel and Iron, Article 8(c).

(d) See Section XII-1201, Structural Steel and Iron, Article 8(d).

(e) See Section XII~1201, Structural Steel and Iron, Article 8(e).

10. Effective Span Length

(a) See Section XII-1201, Structural Steel and Iron, Article 9(a).

(b) See Section XII-1201, Structural Steel and Iron, Article 9(b).

11. Members Carrying Railway Tracks

See Section XII-1201, Structural Steel and Iron, Article 10.
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12. Members Carrying Driveways

See Section XII-1201, Structural Steel and Iron, Article 11.

D. Unit Stresses

13. Allowable Unit Stresses

All parts of the structure shall be so proportioned that the unit stresses in pounds

per square inch shall not exceed the following values:

(a) Structural Steel.
Pounds per

Tension. Square Inch

Structural steel, net section 20,000

Shielded arc, V or butt welds 16,250

Shielded arc, fillet welds 13,600

Hangers, rods and bolts, not upset for thread, net section 15,000

Hangers, rods and bolts, upset for thread, net section 20,000

Compression.

Columns, gross section.

For axially loaded columns with values of — not greater
r

than 120 17,000— 0.485 —

For axially loaded columns with values of — greater

than 120 \
^^'QQQ

18,000H

in which I is the unbraced length of the column and r is the corresponding

radius of gyration of the section, both in inches. (For working stresses, see

Appendix "C").

Plate girder stiffeners, gross section 20,000

Webs of rolled sections at toe of fillet (Crippling, See Article 21 (j) 24,000

Shielded arc, V and butt welds • 18,750

Shielded arc, fillet welds 13,600

Bending.

Tension on extreme fibers of rolled sections, plate girders and built-

up members (See Article 22 (a) ) 20,000

Compression on extreme fibers of rolled sections, plate girders

I
22,500

and built-up members, for values of — no greater than 40 «

b 1 -\ 1

1,8006-

with a maximum 20,000

in which I is the laterally unsupported length of the member and b is the

width of the compression flange, both in inches.

Stress on extreme fibers of pins 30,000

Shearing.

Shielded arc, V or butt welds 14,300

Shielded arc, fillet welds 13,600

Pins in reamed or drilled holes 15,000

Webs of beams and plate girders, gross section 15,000
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Bearing. Double Single

Shear Shear

Turned bolts in reamed or drilled holes 40,000 32,000

Unfinished bolts 25,000 20.000

Turned pins in reamed or drilled holes 32,000
(Bolts may be used only at the discretion of

the Engineer).

Contact Area.

Milled stiffeners and other milled surfaces 30,000
Fitted stiffeners 27,000

Expansion rollers and rockers (pounds per linear inch) .... 600 d
in which d is the diameter of roller or rocker in inches.

(b) Cast Steel.

See Section XII-1201, Structural Steel & Iron, Article 12(b).

(c) Cast Iron.

See Section XII-1201, Structural Steel & Iron, Article 12(c).

(d) Masonry (Bearing).

See Section XII-1201, Structural Steel & Iron, Article 12(d).

E. Design

14. Strength of Welds

In calculating the strength of welds, the unit stresses employed shall be the same

as those given in Section 4, Unit Stresses.

The area of V and butt welds shall be determined my multiplying the thickness

of the weld by its length. The thickness of the weld shall in no case exceed the depth

of the V.

The area of fillet welds shall be determined by multiplying the thickness of the

throat of the fillet by its length.

In new work, rivets or bolts in combination with welds shall not be considered as

sharing the stress, and welds shall be provided to carry the entire stress for which the

connection is designed.

In making alterations to structures, existing rivets may be utilized for carrying

stresses resulting from existing dead loads, and welding shall be provided to carry all

additional stress.

15. Slenderness Ratios

The ratio of unbraced length to least radius of gyration shall not exceed:

For main compression members 120
For bracing and other secondary members in compression 200
For cast iron columns 100
For welded tension members 300

16. Depth Ratios

See Section XII-1201, Structural Steel and Iron, Article 14.

17. Unsupported Compression Flanges

See Section XII-1201, Structural Steel and Iron, Article 15.

18. Minimum Thickness of Material

(a) See Section XII-1201, Structural Steel and Iron, Article 16(a).

(b) Gusset plates (if necessary) for trusses with end reactions greater than 35,000

pounds shall be not less than 5^ inch thick.
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Webs of girders shall be not less than -^ inch thick.

Sole plates or bed plates shall be not less than Yt. inch thick.

Anchor bolts preferably shall be not less than 1 inch in diameter.

(c) See Section XII-1201, Structural Steel and Iron, Article 16(c).

(d) In compression members consisting of segments connected by cover plates or

lacing, or segments connected by webs, the thickness of the webs of the segments shall

be not less than s^ of the unsupported distance between the nearest weld lines, or the

roots of the flanges in case of rolled sections. The thickness of the cover plates or webs

connecting the segments shall be not less than 1/40 of the unsupported distance between

the nearest lines of their connecting welds, or the roots of their flanges in case of

rolled sections.

(e) See Section XII-1201, Structural Steel and Iron, Article 16(e).

19. Gross and Net Sections

(a) The gross section of a member at any point shall be determined by summing

the products of the thickness and the gross width of each element as measured normal

to the axis of the member. The net section shall be determined by substituting for the

gross width, the net width computed in accordance with paragraphs (c) to (e) of

Article 18.

(b) See Section XII-1201, Structural Steel & Iron, Article 17(b).

(c) Sections shall be made symmetrical wherever practicable. The effective area of

single angles in tension shall be assumed as the area of the connected leg plus 50 per-

cent of the area of the unconnected leg. Single angles connected by lug angles shall be

considered as connected by one leg.

(d) For angles, the gross width shall be the sum of the widths of the legs less the

thickness.

(e) For sphce members, the thickness considered shall be only that part of the

thickness of the member which has been developed by welding beyond the section

considered.

(f) See Section XII-1201, Structural Steel & Iron, Article 17(h).

(g) In all pin-connected members, the net width across the pin hole, transverse to

the axis of the- member, shall preferably not exceed 8 times the thickness of the member

at the pin.

20. Expansion

(a) See Section XII-1201, Structural Steel & Iron, Article lS(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 18(b).

21. Connections

(a) Connections carrying calculated stresses, except for lacing, sag bars, and girts,

shall have not less than 2 welds.

(b) See Section XII-1201, Structural Steel & Iron, Article 19(b).

(c) The welds at the ends of any member transmitting stresses into that member

should preferably have their centers of gravity on the gravity axis of the member;

otherwise, provision shall be made for the effect of the resulting eccentricity. Pins may
be so placed as to counteract the effect of bending due to dead load.

(d) See Section XII-1201, Structural Steel & Iron, Article 19(d).

(e) See Section XII-1201, Structural Steel & Iron, Article 19(e).

(f) Fillers under plate girder stiffeners at end bearings or points of concentrated

loads shall be secured by sufficient welds to prevent excessive bending and bearing

stresses.
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(g) Compression members when faced for bearing shall be spliced sufficiently to

hold the connecting members accurately in place. Other welded joints, whether in ten-

sion or compression, shall be spliced so as to transfer the stress to which the member

is subject.

22. Plate Girders and Rolled Beams

(a) Plate girders, cover-plated beams, and rolled beams shall in general be pro-

portioned by the moment of inertia of the gross section. If such members contain holes,

as for bolts, or pins, the full deduction for such holes shall be made. The deductions

thus applicable to either flange shall be made also for the opposite flange if the corre-

sponding holes are there present.

(b) See Section XII-1201, Structural Steel & Iron, Article 22(b).

(c) See Section XII-1201, Structural Steel & Iron, Article 22(c).

(d) Unstiffened cover plates shall not extend more than 6 inches nor more than

12 times the thickness of the thinnest plate beyond the weld connecting them to the

angles. The total cross sectional area of cover plates shall not exceed 70 percent of the

total flange area.

(e) Welds connecting the flanges to the web shall be proportioned to resist the

horizontal shear due to bending as well as any loads applied directly to the flange.

(f) Stiffeners shall be placed on the webs of plate girders at the ends and at points

of concentrated loads. Such stiffeners shall have a close bearing against the flanges,

shall extend as closely as possible to the edge of the flange angles, and shall not be

crimped. They shall be connected to the web by enough welds to transmit the stress.

Only that portion of the outstanding legs outside of the fillets of the flange angles shall

be considered effective in bearing.

(g) See Section XII-1201, Structural Steel & Iron, Article 22(g).

(h) See Section XII-1201, Structural Steel & Iron, Article 22(h).

(i) See Section XII-1201, Structural Steel & Iron, Article 22 (i).

(j) Plate girder stiffeners shall be in pairs, one on each side of the web, and shall

be welded to the web with 2 continuous welds.

(k) See Section XII-1201, Structural Steel & Iron, Article 22 (k).

(1) See Section XII-1201, Structural Steel & Iron, Article 22(1).

(m) See Section XII-1201, Structural Steel & Iron, Article 22 (m).

(n) See Section XII-1201, Structural Steel & Iron, Article 22 (n).

23. Separators

See Section XII-1201, Structural Steel & Iron, Article 23.

24. Tie Plates

(a) The open sides of compression members shall be provided with lacing having

tie plates at each end, and at intermediate points if the lacing is interrupted. Tie plates

shall be as near the ends as practicable. In main members carrying calculated stresses,

the end tie plates shall have a length of not less than the distance between the connec-

tions to the segments of the member, and intermediate ones of not less than J^ of this

distance. The thickness of tie plates shall be not less than l/SO of this distance.

(b) Tie plates shall be used to secure the parts of tension members composed of

shapes. They shall have a length not less than % of the length specified for tie plates

in compression members. The thickness shall be the same as in paragraph (a) above.
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25. Lacing

(a) See Section XII-1201, Structural Steel & Iron, Article 25(a).

(b) Lacing bars shall be proportioned to resist a shearing stress norma! to the axis

of the member equal to 2 percent of the total compressive stress in the member. In

determining the section required, the compression formula shall be used, I being taken as

the length of the bar between the welds connecting it to the segment for single lacing

and 70 percent of that distance for double lacing. The ratio — shall not exceed 140
r

for single lacing nor 200 for double lacing.

(c) The thickness of lacing bars shall be not less than 1/40 for single lacing, and
1/60 for double lacing, of the distance between welds.

(d) The inclination of lacing bars to the axis of the members shall preferably be

not less than 45 degrees for double lacing and 60 degrees for single lacing. When the

distance between the weld lines in the flanges is more than 15 inches, the lacing shall be

double and welded at the intersection if bars are used, or else shall be made of angles.

26. Adjustable Members

See Section XII-1201, Structural Steel & Iron, Article 26.

2f. Column Bases

(a) See Section XII-1201, Structural Steel & Iron, Article 27(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 27(b).

(c) See Section XII-1201, "Structural Steel & Iron, Article 27(c).

28. Anchor Bolts

See Section XII-1201, Structural Steel & Iron, Article 28.

29. Design of Welds

(a) Strength of welded joints

Safe Allowable Loads for Fillet Welds
Size of Fillet Pounds Per
Weld, Inches Linear Inch

y& 1,200

is 1,800

Ya. 2,400

^ 3,000

Yi 3,600

Y2 4,800

Yi 6,000

54 7,200

Length of Fillet Weld To Replace Rivets

Rivet, Shear
Rivet Value at

Size 12,000 Lbs. Length of Fillet Welds in Inches to the Nearest ]/i In.

Inches PerSq.In. Y^" Fillet ^"Fillet Ys" PiUet Y2" Fillet Y&" Fillet

Yt. 2,356 \Ya 1 \l Ya \^

Ys 3,682 IY4 lYt \Ya I Yi

Ya 5,301 2Y2 2 \Ya lYs 154

Ya 7,216 3Ya 2Ya 2Ya IVa 1^/4

1 9,425 AYa SH 3 2J4 VA

Note: % in. is added to calculated length of fillet.
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Safe Allowable Loads for V and Butt Welds

Size of Weld Pounds per Linear Inch
Inches Shear Tension Compression

Ys 1,775 2,025 2,350

A 2,675 3,050 3,500

^ 3,575 4,050 4,675
^ 4,475 5,075 5,850

H 5,350 6,100 7,025

yz 7,150 8,125 9,375

5/^ 8,925 10,150 11,725

54 10,725 12,175 14,050

(b) For dynamic vibrational or lifting loads, the unit stress of fillet welds, or the

strength per linear inch should be reduced, depending upon the severity of the load.

Approximately % in. shall be added to the designed length of the fillet welds for

starting and stopping the arc. The crater in the welds shall be well filled.

(c) Welded joints shall be designed so that bending or prying action is minimized.

Symmetrical joints shall be used wherever possible. All welds shall be located so as to

properly distribute the load on the weld, taking in account the shape of the sections

joined. In order to resist a turning effect of one member of a joint, welds, well separated

should be used in preference to a single weld or welds close together.

F. Fabrication

30. Workmanship

(a) See Section XII-1201, Structural Steel & Iron, Article 29(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 29(b).

(c) See Section XII-1201, Structural Steel & Iron, Article 29(c).

(d) All welding shall be done by the electric arc process, except when permission

to employ some other process is given in writing by the Engineer.

(e) The edges of plates and sections to be welded shall be adequately closed by

service bolting, clamping, jigs or tack welds. Effective means shall be taken to prevent

distortion of the parts during welding.

(f) See Section XII-1201, Structural Steel & Iron, Article 29(g).

(g) Compression joints depending upon contact bearing shall have the bearing sur-

faces truly machined to a common plane after the members are welded. All other joints

shall be cut straight.

(h) See Section XII-1201, Structural Steel & Iron, Article 29(k).

(i) See Section XII-1201, Structural Steel & Iron, Article 29(1).

(j) See Section XII-1201, Structural Steel & Iron, Article 29(m).

(k) See Section XII-1201, Structural Steel & Iron, Article 29(n).

(1) See Section XII-1201, Structural Steel & Iron, Article 29(o).

(m) See Section XII-1201, Structural Steel & Iron, Article 29 (p).

(n) See Section XII-1201, Structural Steel & Iron, Article 29(q).

31. Field and Shop Welding

(a) The surface of the parts to be welded shall be clean and free from paint, heavy

scale or any substance which might deleteriously affect the quality of the weld.

(b) The edges of plates and sections to be welded shall be adequately closed by

service bolting, clamping, jigs or tack welds. Effective means shall be taken to prevent

distortion of the parts during welding.
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(c) Weld shall be made with runs of good, clean metal free from slag inclusions

or porosity. The slag shall be removed after making each run and for this purpose, a

light hammer may be used.

(d) The utmost care shall be taken to avoid undercutting, but where this occurs

unavoidably, the reduction in section at that point shall be made good to the satisfaction

of the Engineer by an additional run of weld metal.

(e) Butt welds on plates, or sections of greater thickness than ^ inch and fillet

welds of greater leg length than ^ inch shall be built up with several deposits of metal

in order to secure the annealing effect of each successive deposit.

Runs or Depositions for Fillet and Butt Welds

Size of Weld
Inches Butt Weld Fillet Weld

i\ 1 1

Va 2 1

^ 2 1 or 2

H 2 2 Min.
^ 4 2 Min.

l4 4 Min. 3 Min.

H S Min. 5 Min.

H 6 Min. 6 Min.
% 8 Min. 7 Min.
1 12 Min. 1 1 Min.

The stipulations of this table do not apply to welds made in a vertical or overhead

position.

(f) The contour of the weld shall have a smooth finish and shall indicate good

fusion with the parent metal. Welds showing lack of fusion, poor penetration, and

porosity, or welds in which the weld metal tends to fold over on the parent metal

without proper penetration, shall be cut out and rewelded.

(g) Edges and ends to be welded shall be cut to shape, and beams or other sections

shall be cut to length by machining or planing, unless otherwise approved by the Engi-

neer. If flame cutting is permitted, the surfaces shall be chipped or ground free from

scale before welding.

(h) Only experienced welders who have successfully passed the qualifications re-

quired for the particular class of welding to be done, as set forth by either the American

Welding Society or state and local codes for "Qualifications of Welders", shall be used

on this work.

32. Camber

See Section XII-1201, Structural Steel & Iron, Article 30.

33. Shop Painting

(a) See Section XII-1201, Structural Steel & Iron, Article 31(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 31(b).

(c) See Section XII-1201, Structural Steel & Iron, Article 31(c).

(d) See Section XII-1201, Structural Steel & Iron, Article 31(d).

(e) See Section XII-1201, Structural Steel & Iron, Article 31(e).
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G. Inspection

34. Inspection

(a) See Section XII-1201, Structural Steel & Iron, Article 32(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 32(b).

(c) See Section XII-1201, Structural Steel & Iron, Article 32(c).

H. Weighing and Shipping

35. Weight Paid for

See Section XII-1201, Structural Steel & Iron, Article 33.

36. Variation in Weights

(a) See Section XII-1201, Structural Steel & Iron, Article 34(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 34(b).

37. Computed Weight

(a) See Section XII-1201, Structural Steel & Iron, Article 35 (a).

(b) See Section XII-1201, Structural Steel & Iron, Article 35 (b).

(c) See Section XII-1201, Structural Steel & Iron, Article 35(c).

(d) See Section XII-1201, Structural Steel & Iron, Article 35(d).

(e) The weight of filler metal in welds shall be included in the computed weight.

(f) See Section XII-1201, Structural Steel & Iron, Article 35(f).

38. Weights o£ Members

See Section XII-1201, Structural Steel & Iron, Article 36.

39. Gross Weight Payment

See Section XII-1201, Structural Steel & Iron, Article 37.

40. Marking and Shipping

(a) Members weighing more than 5 tons shall have the weight marked thereon.

Filler w«ld metal, pins and other small parts shall be shipped in boxes, crates, kegs or

barrels, but the gross weight of any package shall not exceed 300 pounds. A list and

description of the contained material shall be plainly marked on the outside of each

package, box or crate.

(b) See Section XII-1201, Structural Steel & Iron, Article 38(b).

I. Erection

41. General

(a) See Section XII-1201, Structural Steel & Iron, Article 39.

(b) All welding in the field shall be done in accordance with the preceding speci-

fications, Section 31, Field and Shop Welding.

42. Drawings

Where the fabricated material is furnished by others, the Company will furnish

complete detail drawings for the work, including shop details, erection diagrams, match

marking diagrams, bill of filler metal, and a copy of shipping statements.

43. Delivery of Material

See Section XII-1201, Structural Steel & Iron, Article 41.
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44. Handling and Storage of Materials

See Section XII-1201, Structural Steel & Iron, Article 42.

45. Masonry

See Section XII-1201, Structural Steel & Iron, Article 43.

46. Bearings and Anchorage

(a) See Section XII-1201, Structural Steel & Iron, Article 44(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 44(b).

47. Methods and Equipment

See Section XII-1201, Structural Steel & Iron, Article 45.

48. Workmanship

(a) See Section XII-1201, Structural Steel & Iron, Article 46(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 46(b).

(c) See Section XII-1201, Structural Steel & Iron, Article 46(c).

(d) No welding shall be done until the structure or its component parts have been

properly aligned.

(e) All welds, also all serious abrasions to the shop coat, shall be spot painted with

the material used for the shop coat, or an equivalent, and all mud and other firml}'

attached and objectionable foreign materials shall be removed before general field paint-

ing. Unless otherwise specified, general field painting is not included under this heading.

49. Misfits

See Section XII-1201, Structural Steel & Iron, Article 47.

50. Superintendence and Workmen

See Section XII-1201, Structural Steel & Iron, Article 48.

51. Interference with Traffic

See Section XII-1201, Structural Steel & Iron, Article 49.

52. General Conditions

(a) See Section XII-1201, Structural Steel & Iron, Article S0(a).

(b) See Section XII-1201, Structural Steel & Iron, Article 50(b).

Appendix A

See Section XII-1201, Structural Steel & Iron, Appendix A.

Appendix B

See Section XII-1201, Structural Steel & Iron, Appendix B.

Appendix C

See Section XII-1201, Structural Steel & Iron, Appendix C.
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Report on Assignment 3

Design of Facilities and Equipment for Spray Painting

of Rolling Stock

A. C. Copland (chairman, subcommittee), C. M. Angel, C. E. Booth, E. Christiansen,
H. G. Dalton, H. A. Pasman, C. P. Schantz, W. E. Webb.

This is a progress report presented as information.

General

The development of the application of paint by the use of spray machines is a re-

sult of the demand for speed and the shortage of painters. The advantages of improved

quality of work, and economies in time and cost secured by spray painting have led to

its adoption for the painting of almost every type of equipment, structure and miscel-

laneous article, ranging from locomotives to small toys. It would be next to impossible to

finish properly and speedily the war equipment now being manufactured, if it were not

for the paint spray process. Spray painting may be done in about one-third to one-fifth

the time it takes for brush painting, depending on the article being frnshed.

Hazards

Paints, varnishes, enamels, lacquers, oil stains and similar materials are of a flam-

mable nature and, when discharged from a spray machine in a finely atomized form, may
create a fire hazard. This is particularly the case where pyroxylin lacquers are being

applied. Pyroxylin is a mixture of cellulose nitrates, soluble in a. mixture of ether and
alcohol. It is less explosive than gun-cotton and is used in making celluloid, lacquers,

etc. It is relatively safe when apphed under recognized standards of safety.

In addition, the waste residues and vapors from the spray are conducive to the

rapid spread of fire, and when the material contains lead, benzol or methanol the opera-

tor of the gun should wear an efficient respirator. Some pyroxyhn finishes, when mixed

and ready for use, give off flammable vapors that have ignition temperatures of about

900 deg. F., which is higher than gasoline, kerosene or turpentine. When mixed with air

in proportions from 2.5 to 14 percent by volume, these vapors are explosive. They are

about three times heavier than air at the same temperature and have a tendency to set-

tle to the floor. The solvents in quick-drying finishes evaporate rapidly and consequently

produce a higher concentration of vapor in the air than do slow-drying paints. These

vapors are unavoidable and the operator of the spray machine should use a chemical

.cartridge, hood-type or air-supply respirator, or dependence must be placed in a properly

designed exhaust system when work is done indoors.

As to fire hazards, careful investigations and tests made by the various national

authorities have resulted in the preparation and adoption of regulations and safeguards

which will minimize the chance of fires or explosions. For the reasons above stated, it is

of the utmost importance and is recommended (in some localities is compulsory) by fire

protection authorities that specially designed facilities and equipment be provided to mini-

mize the accumulation of vapors and residues where paint is being applied by spray

machines, inside enclosures.

It is obvious that all precautions should be taken in the design of facilities for the

spray painting of railroad rolling stock and that every safeguard against fire hazards be

supplied. This means that every potential source by which fire may originate must be

avoided and a ventilating system installed which will positively drive the fumes away.
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In fact, the ventilating system should be as nearly perfect as practicable. Windows and

skylights will not give sufficient ventilation, but may, when open, cause drafts that will

nullifj' the value of a proper exhaust ventilating system.

The careful and intelUgent use of the spray gun and the proper regulation of the air

pressure will aid in reducing the amount of vapor released in close pro.ximity to the oper-

ator's face, and will, in addition, economize in the use of material.

Fire Protection

Where spray painting is being done within a building, fires may result from many
causes, such as broken electric lamps and other electrical defects ; static electricity (al-

though this seldom occurs) ; the cleaning the interior of enclosures, fans and motors with

highly flammable solvents; the accumulation of deposits in spray booths, ducts, tubes

and vent pipes; defective fans and motors; poorly designed and guarded vent tubes; and

open lights, including smoking. Perhaps the most common cause is poor housekeeping,

such as failing to dean spray booths and parts, resulting in the spontaneous combustion

of oil-base material waste or of decomposed lacquer residues which generate a gas that

will ignite easily if sparks or open flames are present.

All spray painting buildings and enclosures preferably should be constructed of non-

combustible materials and the interiors kept well painted or otherwise coated and clean,

especially in corners, to prevent accumulations of residues. Deposits from any pyroxylin

finish should not be allowed to collect on steam coils or other heating or heated devices.

Tests show that residues subjected to the temperature of steam, 212 deg. F., for 14 to

35 hours, decompose and ignite.

All electrical apparatus must meet the requirements of the National Electrical Code

for such hazardous locations and the National Board of Fire Underwriters pamphlet

"Paint Spraying and Spray Booths". No portable lamps should be permitted and all

lamps must be of the enclosed vaporproof type. Motors or lights should not be placed

where there is a possibility of spray lodging upon them, and they should meet the

requirements of the National Electrical Code for Class I hazardous locations.

Air inlets must be protected by automatic shutters or other means where there is

danger from adjacent building or proximity to sparks from locomotives, furnaces or

other flame-producing operations.

Automatic sprinklers of the deluge type, with the necessary" drainage to carry off

water which may be released from them, are essential.

Smoking or open lights of any kind must be strictly prohibited while spray painting

is being done.

Fire extinguishers of the carbon dioxide type and of the foam type are effective

in the case of fires in pyroxylin finishes and other lacquers and, therefore, .should be

made available in each mixing room and spray booth.

Separate buildings are desirable for spray painting purposes not only because of the

lire risks, but to guard against dust which may mar the finished work. However, suit-

able enclosures may be constructed within existing or contemplated buildings which are

adapted for such work.

Ventilation

Forced ventilation with ample fresh air inlets for supplying clean, preferably fil-

tered, air should be provided. Sufficient air velocity and circulation should be maintained

to remove vapors and residues. The incoming supply should be about 10 percent greater

than the capacity of the exhaust. This prevents drafts through doors and other openings.

Having the finishing room under a slight pressure results in best finishing conditions. The
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velocity necessary to remove vapors and suspended matter, so there will be no possibility

of their beinp inhaled, will depend on the type of booth and other factors pertaining to

the location of the spraying inside the building. It is well to consult competent engineers

of a reputable spray booth manufacturer so as to obtain an adequate and economical

system to suit the particular circumstances.

Exhapst stacks or piles should lead to the outside air direct and not through other

rooms.

The power for the exhaust fans .should be arranged so they may be kept in opera-

tion in case of fire, to carry out smoke and heat.

Methods and Equipment

.^11 solvents, paints, lacquers and other such flammable liquids must be stored and

mixed in rooms separated from the spraying operations, as required by the National Fire

Protection Association for the storage of such liquids.

Walls, floors and ceilings of storage and mixing rooms should be of fire-resistive

materials, such as brick or concrete. Exterior doors and doors leading to other rooms

should have sills of non-combustible material raised at least six inches above the floor.

The floor should be waterproof and arranged to drain to a safe location. All door open-

ings should have standard fire doors of the automatic or self-closing type, the same as

used for openings in fire walls.

All containers and receptacles for such finishing materials as thinners, primers and

liquids having volatile solvents should be kept covered or closed. Rags and waste

soiled with such materials should be placed in covered containers. If any liquids are

spilled, they should be promptly mopped up. This will assist in preventing the unneces-

sary liberation of solvent vapors.

A precaution which should be observed by and impressed on the workmen handling

finishing materials containing lead or lead salts is to make it a fixed rule that all paint

be removed from the hands or face, and that care be taken to prevent its being intro-

duced into the body on tobacco, food, etc. Food should not be taken into the workroom
and employees should not eat before washing their hands.

The primary equipment required for spray painting consists of an air compressor,

air receiver, motive power and accessories, one or more paint spray guns, material con-

tainers, regulating and cleansing means, hose, etc.

There are several methods for the attainment of proper spray painting conditions.

1. By a down draft carrying all excess spray, vapors, etc., through grills in the floor

and through stacks, directly or through a water spray, to the outside.

2. By confining the paint vapors with a cabinet-type spray booth from which they

are drawn directly or through a water spray to the outside.

3. By carrying the vapors and residues up through an overhead canopy leading to

stacks through the roof. This is done by a combination of exhaust fans in the canopy

stacks and a forced draft from slots in the floor. (This is the type most frequently used

in car shops for painting passenger equipment.)

Painting Rolling Stock

For the spray painting of freight equipment, such as gondola, box and refrigerator

cars and cabooses, the work is generally done on assigned tracks outside of buildings with

portable spray painting equipment, or in an arrangement whereby the paint containers

are in a building and the paint is piped to the point of use. Locomotives and tenders may
be painted in like manner. For passenger equipment, which requires a much finer class

of work, it is important to have the finishing done indoors, which necessitates a building

properly provided with the various safety facilities heretofore mentioned.
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Every large installation of equipment for the spray painting of rolling stock is an

individual problem requiring separate consideration. The plan should be given very care-

ful study and no guess work should be used in the design of the facilities. The capacity

of the plant will be governed by the number of pieces of equipment which have to be

painted in a given time. Too small a layout may seriously delay work. When a car has

been completely finished, it must remain in position until thoroughly dry ; consequently

no other car can take its place until the drying is finished.

A successful exhaust method used in connection with the spray painting of passen-

ger equipment is the canopy exhaust system. This consists of two sheet metal canopies

or hoods suspended from the roof structure of the building, one within the other, placed

in such a way as to leave sufficient space between the two hoods to permit exhausting the

air at high velocity from the area over the coach or other equipment being spray painted.

The canopies are hung so as to cover the area occupied completely.

Under the floor on each side of the track are longitudinal air ducts or slots pro-

tected by suitable grills, through which tempered filtered air is forced by blower fans.

This air is not only forced from beneath, but is caught by the exhaust and pulled through

the canopies and to the outside air through the stacks which are connected to the upper

side of the canopies. This process forms a curtain or wall of air between the operator

and the coach and prevents the possibility of his inhaling the fumes.

The stacks in which the exhaust fans are located should be protected by suitable

weather caps and have recessed cleanout doors and automatic dampers. The canopy is

equipped with swinging panels or dampers, which may be adjusted in such manner as to

bypass or make the air flow in any desired direction.

Painting Interior

If the exterior of the coach is to be painted, the swinging panels in the canopy are

opened directly over the plane of the side of the coach, and with the exhaust fans and
blower operating, the fumes are carried upward as the painting proceeds (Fig. 1). When
the interior of the coach is to be painted, the canopy swinging panels are opened on one

side only. The windows on both sides of the coach are opened and deflectors are placed

on the outside above the windows on one side. This causes the air from the duct to be
drawn in through the windows equipped with the deflectors, and out through the oppo-
site windows and upward through the canopy, carrying the fumes away from the work
(Fig. 2). Another method for painting the interior of cars is by applying a flexible ven-

tilating duct made of treated canvas or similar material into one of the car windows, the

fumes being discharged through the ventilators.

The roof of the coach is painted with both side swinging panels of the canopy closed,

and the center dampers or panels immediately above the coach opened, thus diverting the

flow of air over the top of the coach and driving the fumes through the stacks (Fig. 3)

.

The floor ducts are of concrete or metal, and must be properly drained. It is abso-

lutely necessary to keep them thoroughly clean and free from dust, otherwise the newly
painted surface will be damaged. The air for the floor ducts is supplied by blowers situ-

ated above the canopy and is taken from the outside, preferably through a system of

filters. The ducts are so constructed that the air pressure is equalized and may be regu-

lated or controlled.

When operating the blowers and exhaust fans, care must be used to avoid back
drafts from open windows, doors, skylights or other openings. They may nullify the sys-

tem and carry back drafts of vapor.

The canopy exhaust type of facility is frequently provided with water wash cham-
bers where it is not practicable to construct exhaust stacks of proper proportions, or they
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Exhaust Stack

Diagrams showing arrangement of
Bioiver Far. overhead canopy type of paint

spraying equipment. These illustra-

tions indicate travel of air which
provides protection to the paint

operators.

Floor DuctJ ^̂MmwMi!Mm'ji>i^'mi''''^^~-F/oor Duct

Fig. 1.

Fig. 3.
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are required for other reasons. Paint residue is prevented from reaching the exhaust

stack or the outside of the building.

The exhaust pulls the paint laden air past an arrangement of water spray nozzles and

baffles. The paint is collected by the water and carried on smooth metal surfaces, from

which it drains into a water tank where it may be strained and any usable portions sal-

vaged. Any entrained water which may be carried above the nozzles by the air is elim-

inated by a system of baffle plates which causes it to drain to the tank.

Illumination

Sufficient windows should be provided in the sidewalls of the spray building. In addi-

tion, electric lights in vaporproof reflectors must be placed along both sides of the canopy

so as to give a strong light on the parts being painted. All electric work and materials

should be installed in accordance with and to meet the requirements of the Underwriters.

Wires should be installed in rigid conduit; no flexible metallic conduit should be permit-

ted. All switches must be of the explosive-proof and dust-tight type. Receptacles also

must be of explosion-proof type.

Heating

The heating may be by steam radiation, or better, by properly designed and placed

unit heaters. If unit heaters are used, the heat may be directed to flow as desired. They

must have totally enclosed motors controlled by an explosion-proof magnetic contactor-

type motor starter, and operated by explosion-proof push-button switches. In addition,

it is desirable to have each unit heater equipped with an air switch thermostat so that

the motor will cut off automatically at SO deg. F. and start at 60 deg. F.

The unit heaters must have fan and motor of ample size to permit relatively low

operating speed so as not to obtain too high outlet velocities. They should be equipped

with automatic shutters located between the heating element and the outside air intake

so they will remain closed except when the heaters are being operated.

The outlets of the heaters should be so arranged as to direct the air downward adja-

cent to the walls of the building at a velocity not greater than is necessary to carry the

heated air almost to the floor. The object is to obtain, without undue agitation of the

air at the floor, a blanket of heated air adjacent to the walls that will flow with reason-

able uniformity toward the coach being painted, then upward and out through the

canopy.

A central heating plant may be used to supply the warm air. This relieves the neces-

sity for cleaning the unit heater equipment.

For spray painting the removable furnishings of the coaches, such as chairs, etc., a

smaller room or booth should be provided.
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Report on Assignment 5

Direct Locomotive Coaling Devices

H. C. Lorenz (chairman, subcommittee), H. M. Church, H. G. Dalton, A. G. Borland,
W. G. Harding, L. P. Kimball, E. K. Mentzer.

Your committee submits the following report as information:

General

To meet the demand for eflScient and economical means of coaling locomotives at

small terminals and yards where storage type coaling facilities are not available, several

direct-to-engine coaling devices have been developed. They may be generally described as

being of three classes, viz: (1) the skip bucket; (2) continuous chain and bucket ele-

vators; and (3) flight or drag type. All types are available under manufacturers' designs

and specifications and in various capacities.

Skip Bucket Type—Class 1

The skip bucket type has been in service on some roads over a long period of years.

It was developed from the cinder hoist and in principal has been little changed in design

since its inception. (See Fig. 1.)

The hoist bucket has a capacity of 40 to 80 cu. ft., runs on incUned or vertical steel

guides and is operated by a 10 to 20-hp. motor located at grade. The normal capacitj- is

20 to 40 tons per hour. The pit for a single-track installation with unloading track at the

Fig. 1.—Skip Bucket Types.
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same level as the coaling track is from 15 to 18 ft. deep and proportionately deeper for

a two-track hopper. The average spacing between centers of coaling and pit tracks li

36 ft. Later improvements place the motor at the top of the hoist frame. The depth of

pit for small hoppers can be reduced to as little as 10 ft. by raising the supply track.

Hoppers can be designed to hold a carload of coal or more, the track centers can be

reduced to 22J/2 ft. and hoisting capacities of 40 to 90 tons per hour can be provided.

The installation may be designed to serve tracks at 48-ft. centers from a common

receiving hopper on the center track. This type of coaler is susceptible to sturdy design

of parts, thus requiring minimum maintenance.

Continuous Chain and Bucket Elevator Type—Class 2

The second class of direct coalers may be again divided into the continuous bucket

type and the V-bucket type, both of which are usually installed with either an apron

or a reciprocating-type feeder under the unloading track. The normal capacity of either

of these types of elevators is 60 tons per hour, though equipment of larger capacity can

be furnished.

Continuous Bucket Type—Class 2

The continuous type elevator can be accommodated to track centers of 21 ft. or

more and can be installed (when an apron feeder is used) to serve two locomotive coaling

tracks. The depth of pit for a standard unloading hopper is llj^ ft. A rotating chute

delivers the coal to the tenders and permits considerable trimming by swinging, and is

Fig. 2.—Continuous Bucket Type.

equipped with a S-hp. motor on the feeder and a 7j^-hp. motor on the elevator. Control

switches are interlocked so that the feeder cannot be started unless the elevator is in

motion. The starting switches are mounted at a convenient ground location and on the

discharge chute to permit the hostler to start and stop the machine from the engine

tender. (See Fig. 2.)

With this type of installation also, larger hopper pits may be used or the depth of

pits can be reduced when raised unloading track or tracks are available.



162 Buildings

V-Bucket Type—Class 2

On the V-bucket elevator type somewhat larger buckets are provided and these are

attached at the ends to two strands of roller chain in such a way as to receive and carry

their loads in both vertical and horizontal positions until emptied into the discharge

chute. The discharge chute is hinged and counterbalanced similarly to that of a standard

coal dock. Either a reciprocating plate feeder or an apron feeder is used, and this is

usually driven from the elevator foot shaft. A 10 or IS-hp. motor is mounted on the

head frame to drive the entire installation. The elevator and upper horizontal runway is

covered with either metal or concrete casing. Control switches are conveniently mounted

at a ground station, on or near the discharge chute. Capacities range from 60 to 90 tons

per hour. This type of elevator can also be made to serve two or more coaling tracks,

although the cost will, of course, be more with each extra track. For single or multiple

coaling track installations with a hopper, the depth of pit required is approximately 12

ft., with track centers at a minimum of 21 ft.

Fig. 3.—V-Bucket Type.

Fig. 3 illustrates installation for two-track service. When installed for one-track

service the elevator may be, if desired, installed between the coaling track and the supply

track, eliminating the horizontal runway at the top.

Flight or Drag Type—Class 3

Some years ago. in order to meet the demand for a less costly device for use at out-

lying terminals where hand shoveling had been previously employed, the retail coal yard

type of conveyor began to be adapted to the purpose of supplying coal to locomotives.

This conveyor is inexpensive and of light construction. It consists of malleable iron

or cast steel flights operating on two strands of chain. The coal is fed by gravity from

the coal car, to the pit and to the foot end of the conveyor, the flow of coal being con-

trolled by a hand-operated pit gate, or a horizontal feeder of the reciprocating or flight

type may be installed under the track to carry the coal to the foot end of the conveyor

and thence to the hinged discharge chute over the engine tender. The capacity is about

60 tons per hour. Typical installations are shown in Figs. 4, 5, 6 and 7.
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28 to 32 Pf

Fig. 4.—Portable Conveyor,
Gravity Pit, without Feeder,

for Operation at Right Angles
to Tracks. Track Centers 28

to 32 Ft.

Fig. S.—Portable Conveyor,
Reciprocating Plate Feeder,

tor Operation at Right Angles
to Tracks. Track Centers 28

to 34 Ft.

Fig. 6.—Portable Conveyor.
Flight Feeder, for Operation
at Right Angles to Tracks.
Track Centers 3S to 45 Ft.
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Zl to 24 Pt

Fig. 7.—Stationary Conveyor, Flight Feeder, Installed for Operation Parallel with Tracks.

Track Centers 22 to 24 Ft. (Cross Section on Left, Longitudinal Section on Right).

The power requirements call for a 3 to S-hp. motor on the feeders and a 5 to 10-hp.

motor on conveyors. The operating and maintenance expense varies with the amount of

coal handled. Manufacturers have improved the flight or the drag type conveyor. The

capacity has been increased to handle up to 180 tons per hour using heavy chain, flights

and motor of greater capacity. These installations are stationary on permanent concrete

foundations, but the arrangement of parts otherwise is as shown in Figs. 4, 5, 6 and 7.

The flight or drag type conveyors should be installed to operate at an angle not to

exceed 35 deg. to secure maximum efficiency. The minimum track centers when installed

at right angles to the track is 39 ft., with the receiving track elevated about 5 ft. These

conveyors are installed with a short apron in which the conveyor itself is raised to clear

when not in use, or the conveyor installed at a fixed angle and equipped with a long

apron which is raised to clear when not in use.

Report on Assignment 6

Sanding Facilities for Diesel Locomotives

O. G. Wilbur (chairman, subcommittee), E. Christiansen, W. T. Dorrance, J. P. Gallagher,

A. T. Hawk, E. G. Hewson, C. D. Horton, H. A. Pasman.

Sand facilities required for servicing Diesel locomotives are essentially the same as

those employed in sanding steam locomotives. The two principal differences to be con-

sidered in designing are:

1. Sand should not be loaded into the tanks on Diesel locomotives by the use

of compressed air, as the dust which accompanies air loading should be avoided.
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2. Two servicing spouts are recommended, as two sand tanks are located on

each side of each Diesel unit, and, where time must be considered, two tanks should

be loaded simultaneously.

On Diesel road locomotives each unit has four sand tanks, two on each side and each

tank has a capacity of four cubic feet. The tank inlets are about eight feet above the top

of rail and are of such shape as not to require special fittings on the end of the sand

delivery pipe. On Diesels for yard service the openings are usually about four feet above

the top of rail, but some of the yard locomotives have the openings on top. The class

of equipment to be serviced therefor will control the height of the storage tank and the

design of the supply pipe.

As there are no windows or gages on the Diesel sand tanks to indicate the level of

the sand, it cannot be seen until the tank is nearly full. Because of this condition, it is

desirable to locate the valve in the sand supply pipe as near to the discharge end as prac-

tical so as to minimize sand spills when the hose is withdrawn.

The recommended size for the delivery pipe line from the dry sand servicing storage

tank is three inches. It should be equipped at the discharge end with a sufficient length

of three-inch hose to provide the necessary flexibiUty to insure ready access to the open-

ing in the tank on the locomotive. The pipe lead, when in the loading position, must not

be at an angle of less than 35 deg. with the horizontal. The lead arranged to reach the

tanks on the far side of the locomotive should be supported from above by means of a

counterweight, and when not in use should be raised to a position of rest outside the

approved clearance height. Some installations have been provided with a balanced tele-

scopic spout, having adequate adjustment to reach both sides of the locomotive. Other

spouts have been made to swing horizontally and are so counterweighted that they will

return to normal position parallel with track when released.

When sand valves are placed in the lead pipes immediately below the bottom of the

dry sand storage tank, they may be operated by ropes strung along the lead pipes by

staples or other supporting units, so that valves may be opened and closed from the dis-

charge end of the pipe by pulling the ropes.

Sand valves in the lead pipes should be moisture proof.

The elevated dry sand storage tank should be equipped with a ladder extending from

the ground to the top.

In order to service locomotives with high sand tank openings, a small platform built

beside the track to afford a safe and convenient means of reaching the tank inlet is de-

sirable. A platform approximately two feet wide, three feet long and five feet high, with

steps, is of sufficient size to serve this purpose. The height above the top of rail of the

inlet on the equipment to be serviced will be the controlling factor in determining the

height of the platform.

Where special gravity loading equipment has not been installed, the loading must be

done by hand with pails, which is a laborious and expensive operation and may result in

delays in other necessary servicing.

Locomotives serviced with sand from a single storage tank must be moved along the

track and spotted to permit the servicing hose to reach each tank.

Sanding equipment to meet the need of Diesel locomotive servicing is designed and

sold by contractors who build coal, sand and cinder plants.
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Report on Assignment 7

Fire-Resistant Wood for Railway Buildings

Collaborating with Committees 13—Water Service, Fire Protection

and Sanitation, and 17—Wood Preservation

H. M. Church (chairman, subcommittee). F. H. Alcott, C. M. Angel. E. Christiansen,

J. P. Gallagher, L. P. Kimball, E. K. Mentzer. C. P. Schantz, W. E. Webb.

This report is presented as information.

In its study of the subject of fire-resistant wood >our committee has received valu-

able assistance from representatives oi the two collaborating committees, namely, Dr.

Hermann von Schrenk and Messrs. W. P. Arnold, R. S. Belcher, W. H. Fulweiler, R. E.

Patterson and Henry Schmitz, representing the Committee on Wood Preservation, and

Mr. W. A. Radspinner, representing the Committee on Water Service, Fire Protection and

Sanitation. The work of the committee has also been faciUtated and expedited by a study

of the use of fire-resistant, chemically-impregnated wood in buildings constructed by

various war agencies, such wood having been procured under specifications of govern-

mental agencies.

General

Wood may be treated to lessen its combustibility at the plants of the wood preserv-

ing industry throughout the country that are equipped to make pressure treatments of

wood with salt preservatives.

Investigations on a large scale by various fire-testing organizations have shown that

wood impregnated under pressure with certain chemicals in water solution will reduce

its fire hazard in proportion to the concentration of chemicals injected. Ammonium phos-

phate, ammonium sulfate, zinc chloride or chromated zinc chloride, boric acid and borax,

alone or in combinations, are used.

Fire Hazard of Building Materials

The fire hazard of a building material depends upon (1) the extent to which it

contributes fuel to a fire, (2) the rate at which fire spreads over its surface, and (3) the

amount of objectionable smoke or fumes generated. These three factors are usually pro-

portionate; for example, if the material contributes little or no fuel to a fire, the rate

of flame spread and amount of smoke will be lessened.

Wood, steel, concrete and masonry react differently when exposed to elevated tem-

peratures from fire, each material having advantages and disadvantages compared with

others. Heavy structural timbers, by actual test, have greater resistance to reduction in

strength by fire than steel. The load carrying capacity of wood is reduced by fire at a

much slower rate than is that of steel of originally equal strength, thus a wood structure

may be saved from collapse because of the greater interval of time which is allowed to

bring a fire under control. On the other hand, wood does contribute fuel to a fire,

spreads flame over its surface and generates objectionable smoke. These properties of

wood create an added fire hazard, particularly when used for roof and wall sheathing or

flooring, but the objectionable features may be eliminated for all practical purposes

through pressure treatment with fire-retarding chemicals applied under processes similar

to those used in preservative treatment.
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Performance Test Requirements for Fireproofing Wood
The relative effectiveness of various kinds and concentrations of fire-resistant chem-

icals has been evaluated by means of a number of test methods. In commonly used small

scale laboratory tests, small test specimens are exposed to controlled fire in various vv^ays

for specified periods of time; the factors determined in such tests are loss of weight of

wood and duration of flaming and glowing.

Actual service conditions are more nearly simulated in a larger scale laboratory test

developed by the Underwriters' Laboratories. The apparatus involved in this test includes

an insulated horizontal furnace approximately 12 in. by 24 in. by 24 ft., equipped with

air blower, gas jets, thermocouples, window and a chimney in which is mounted a photo-

electric cell. The material to be tested is prepared as a panel 22 in. wide by 24 ft. long

and is attached to the underside of the ceiling of the horizontal furnace. Gas flames at

one end are adjusted to a temperature of 1,700 deg. and impinge on the lumber for a

distance of about 6 ft. along the panel. The standardized quantity of gas, volume of air

and the draft are carefully controlled during the test. The contribution of wood fuel to

the fire is determined from the temperatures measured by the thermocouples. The rate of

flame spread is determined by observation through windows along the furnace. The

amount of smoke generated is measured by the photoelectric cell in the chimney.

Recorded test data are then evaluated to rate the treated wood in comparison with non-

combustibility (asbestos-cement considered as 0) and with complete combustibihty (un-

treated red oak considered as 100).

Fire-resistant wood may be treated for protection not only against fire, but against

decay and insects as well. The fire-resistant treatment may be required to meet any of

the current specifications, such as those of the Navy, the Army and the American Society

for Testing Materials. In addition, the treatment included for protection against decay

and insects may be required to meet the specifications of the federal government, the

AREA and the American Wood-Preservers' Association.

Fire-resistive wood should not be appreciably different from untreated wood with

respect to strength, color, odor or paintability. When exposed to fire it will char, but the

danger of rapid spread of fire is minimized, since the purpose of fire-resistant treatment

is to materially reduce the danger of ignition and combustion of the wood.

Specifications and Classifications

Following are current specifications relating to fire tests of wood and wood con-

struction. Some of the specifications are applicable only to particular types of construc-

tion and are not suited for evaluation of the fire hazard of a building material as such:

1. ASTM C 19-11—Methods of Fire Tests of Building Construction and Mate-

rial. (ASA A 2.1—1942)

2. ASTM C 152-11-Methods of Fire Tests of Door Assemblies.

3. ASTM C 132-40T—Specifications for Fire-Retardant Properties of Wood for

Scaffolding and Shoring (now withdrawn)

.

4. ASTM C 160-4IT—Tentative Method of Test for Fire-Retardant Properties

of Wood.

5. Bureau of Yards and Docks Specification HS—Specification for Naval Air

Station, Addendum "B", February 1943.

6. Bureau of Ships Specification S1C38 (INT)—Chemicals, Fire Retardant for

Lumber and Timber, April 1, 1943.

7. Bureau of Ships Specification 51C40 (INT)—Chemicals, Fire Retardant for

Lumber and Timber (Recommended Treating Practice), April 15, 1943.
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8. ASTM Proceedings Vol. 29, Part II, page 973 (1929)—A New Test for Measur-

ing the Fire Resistance of Wood.

9. ASTM Bulletin, March 1943—Method of Fire Hazard Classification of Build-

ing Materials.

10. Proposed Federal Specification for Pressure Impregnation of Structural Lumber

and Timber with Fire-Retarding Chemicals (Recommended Treating

Practice)

.

11. Proposed Federal Specification for Fire-Retarding Chemicals for Pressure

Impregnation of Structural Lumber and Timber.

12. Bureau of Ships Specification 39P15 (INT) (Plywood) May 1943, (being

revised as of October 1943).

13. Federal Specification SS-A-188—Prefabricated Accoustical Units.

14. Underwriters' Laboratories Report on Fire Hazard Classification of Douglas

Fir and Southern Yellow Pine Impregnated with Chromated Zinc Chloride,

June IS, 1943 (Retardant 2755).

Comments on Above Specifications

1. ASTM C 19-41—Methods of Fire Tests of Building Construction and Materials.—

These methods are designed to test the fire stoppage or resistance to fire penetration of

partitions, walls, etc. They are not applicable for measuring the fire hazard of a building

material as such, since the particular type of construction involved is the primary factor

affecting the results obtained. For a complete report on the behavior of wood construction

when exposed to this test, see Bureau of Standards Research Paper RP-1076—Fire Tests

of Treated and Untreated Wood Partitions.

2. ASTM C 152^1—Fire Tests of Door Assemblies.—The same comment holds as

under No. 1 for ASTM C 19-41.

3. ASTM C 132-40T—These specifications were never advanced to standard and

the tentative form was dropped at the ASTM meeting in 1943. This method of procedure

is used and recognized commercially.

4. ASTM C 160-4IT—Tentative Method of Test for Fire-Retardant Properties of

Wood is the so-called "crib" test for determining the fire resistance of wood. It merely

describes the procedure for testing but does not prescribe limits of combustibility. This

method has been adopted by various federal agencies which have added limits to the

procedure of testing.

5. Bureau of Yards and Docks Specification H8, Addendum "B", portion pertaining

to Fire Protective Treatment of Construction Lumber and Timber.—Specification H8 was

drawn to cover the fire-resistant wood employed in the construction of Navy blimp

hangars. In general, the fire-resistant requirements of this test specify testing procedure

in accordance with ASTM C 160-41T. The following requirements for combustibility

under that test are:

When subjected to the test prescribed hereinafter, the final loss in weight after

a 3-min. exposure to the flame shall not be more than 25 percent. The duration

of flaming after removal of the burner flame shall be not more than 20 sec. and

visible glowing shall persist for not more than 20 sec. after flaming has ceased,

providing however, flaming more than 20 sec. after the removal of the burner

flame will be permitted if such flaming is free from pitch pockets only, and pro-

vided, further, that the total period of flaming shall be not longer than 45 sec. in

not more than 6 pieces of a specimen and not longer than 90 sec. in not more than

2 pieces in such specimen.
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In addition, the treatment is required to be satisfactory with respect to the corrosion

of hardware, its effect on paint or glue, hygroscopicity and health hazards in handling

the treated wood. Approximately 60,000,000 ft. b.m. of lumber and timbers will have

been treated under this specification by the end of 1943.

6. Bureau of Ships Specification S1C38—Chemicals, Fire Retardant for Lumber and

Timber.—This specification gives four fire-retardant formulas to be used in connection

with Specification 51C40, Class 1. This specification also gives the method of testing to

be used when testing treating solutions made up to these formulas.

7. Bureau of Ships Specification S1C40 (INT)—Chemicals, Fire Retardant for Lum-

ber and Timber (Recommended Treating Practice).—This is a complete specification for

the fire-resistant treatment of wood which outlines both required methods of treatment

and required fire resistance. Two types of fire resistance or retardance are given as alter-

nates—moderate and high. Under each type, two classes of requirements are given as

alternates: Class 1—Absorption and penetration requirements only, and Class 2—Per-

formance requirements only. If Class 1 is followed, no fire tests need be made. The only

requirement is that minimum retention of chemicals, as specified in Bureau of Ships

Specification S1C38, be fulfilled and that the stipulated minimum penetration be secured.

Class 2 requires a fire test only ; it does not call for the use of any specific chemicals or

for specific retentions. The fire test method prescribed is either ASTM C 160-41T or the

Forest Products Laboratory Fire Tube Test as described in this specification.

8. ASTM Proceedings, Vol. 29, Part II, page 973 (1929)—A New Test for Measuring

the Fire Resistance of Wood.—This is the so-called Forest Products Laboratory fire tube

method, which is designed to give a measure of combustibility and fire spread character-

istics of wood. It is intended to serve the same purpose as ASTM Specification C 160-41T.

No limits of combustibility are given in the method but various organizations have revised

and prescribed limits to the procedure of testing. See the Bureau of Ships Specification

51C40 (INT) for latest revision.

9. ASTM Bulletin, March 1943—Method of Fire Hazard Classification of Building

Materials.—This method of testing was briefly described under "General". Fire-resistant

treated wood is being tested by this method and reports of results are being issued. By

this means of testing, it may be possible to elect the numerical degree of fire resistance

desired, and on which the treating requirements should be based.

10. Proposed Federal Specification for Pressure Impregnation of Structural Lumber

and Timber with Fire-Retarding Chemicals (Recommended Treating Practice).—This

specification is very similar to and preceded Bureau of Ships Specification 51C40 (INT).

The principal difference lies in the addition of Class 3 under both moderate and high fire

retardance types or grades. Class 3 requires minimum limits of absorption, penetration

and fire test performance.

11. Proposed Federal Specifications for Fire-Retarding Chemicals for Pressure

Impregnation of Structural Lumber and Timber.—These specifications are similar to and

preceded the Bureau of Ships Specification S1C38, in that they list similar approved fire-

retarding formulas and methods of testing.

12. Bureau of Ships Specification 39P1S (INT) Plywood (Naval Use).—This is a

general specification covering both treated and untreated plywood. The specifications for

treatment require a fire test in accordance with the Accoustical Materials Test developed

by Columbia University (Section F). Federal Specification SS-A-llS. Other requirements

are included, dealing with such factors as corrosion and leaching. The specification pro-

vides for fire-resistant treatment of the plywood either before or after gluing.

13. Federal Specifications SS-A-1 18—Prefabricated Accoustical Units.—These speci-

fications cover nine types of accoustical units, including compressed units composed of
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long wood fibers held together with a mineral binder, felted fiber, wood pulp units and

units having mechanically perforated surface. The fire test requirement is applicable to

flat wood surfaces and to the specimens of each type of lumber and plywood with sur-

face 34 in. by 34 in. by "any" thickness exposed to the specified flame required to give

temperature indications according to the "Standard" and the "Columbia" time-tempera-

ture curve. The fire tests have classifications for Incombustible, Fire-retardant, Slow-

burning and Combustible.

14. The Fire Council of the Underwriters' Laboratories has authorized its staff to

promulgate an Underwriters' Certificate whenever a manufacturer demonstrates that his

product conforms to the specifications of treated lumber forming the subject of the

report (Retardant 27SS) June 15, 1943.—Douglas fir and southern yellow pine impreg-

nated by pressure process with chromated zinc chloride (CZC) to reduce combustibility

on interior of buildings.

The following fire hazard classification is derived on the basis of retention of dry

salts per cubic foot in one-inch lumber in comparison with untreated oak. as 100:

Fire Hazard Classification

Retention of Dry Salts

Per Cu. Ft.

1 lb. 2 lb. 3 lb. 4 lb.

Flame spread 60 40 35 30
Fuel contributed 50 35 30 25

Smoke developed Less than with untreated lumber

Recommendations

In general, for railroad building use, it is believed that a standard decay-resisting

treatment should be incorporated with any treatment for fire resistance in order to serve

the dual purpose of protection against decay and termites as well as against fire. AREA
specifications covering treatment with zinc chloride may be used as one means of obtain-

ing protection against decay in addition to the fire-resistant treatment. Federal Specifica-

tion TT-W-571 for protection against decay and termites may also be stipulated in

addition to the fire-resistant specification.

Within recent years, by far the largest quantity of fire-resistant wood was treated

under Bureau of Docks Specification H8. Therefore, until further experience has been

gained, either under use or under additional methods of testing, it appears most practical

to use the Bureau of Yards and Docks specification. It should be noted that this specifi-

cation does not require the incorporation of decay and termite-resistant treatment, which,

however, may be added to that specification, as already mentioned.

Bureau of Ships Specification S1C40 and the Proposed Federal Specification for

Pressure Impregnation of Structural Lumber and Timber with Fire-Retarding Chemicals

call for nearly identical treating practice, provided the proper type or grade and class of

fire resistance are specified under the options given in these classifications. If Type H,

Class 2, Bureau of Ships 51C40 and Grade H, Class 2, in the proposed federal specification

are specified, the requirements of the product will be very similar to those under the

Bureau of Yards and Docks Specification H8.

It is recommended that fire test performance requirements be included in any speci-

fication drawn for the fire-resistant treatment of wood. The performance requirement

may be in accordance with Bureau of Yards and Docks Specification H8 or with Bureau
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of Ships Specification S1C40, crib test or fire tube test, which is also incorporated in the

proposed federal specification.

With regard to the chemicals used, consideration should be given to materials which

have proved satisfactory for the purpose, or to undisclosed formulas involving chemicals

on which long experience in treatment and in use of the treated wood has demonstrated

satisfactory results in all respects, such as fire and decay resistance, corrosion, health

hazard, hygroscopicity, discoloration of the wood and paintability.

High retentions of some chemicals may have an adverse effect on the strength of

the timber, and care should be used in specifying high retentions for timbers that will be

highly stressed in service or whose failure would cause serious damage. For lightly stressed

timbers or timbers whose weakening would not have serious results, the highest reten-

tions may be used. Where maximum retention of strength is required, lightly treated

timber or untreated timber faced with a protective sheathing of heavily impregnated

lumber, should be considered. It is noted that fire-retardant chemicals are subject to

leaching and that the fire protection afforded by the treatment will gradually decrease

if leaching is permitted.

Lumber and timbers treated for use in buildings or other places where high moisture

content or shrinkage after installation would be a disadvantage, should be air dried or

kiln dried after treatment and before use, to a moisture content suitable for the intended

use. To guard against the possible effect of chemical and high temperatures on the

strength of wood, seasoning temperatures in excess of 160 deg. F. should not be used.

According to preliminary test results of the Bureau of Yards and Docks (Civil

Engineering, November 1943, page 529), it appears that the injection of salt in the

amount of 4 lb. per cu. ft. will decrease fiber strength in static bending and in compres-

sion parallel to the grain by about 10 percent, the compression perpendicular to the

grain by about 3 percent and increase end and radial hardness up to 25 percent.

Wherever it is practicable, all cutting and framing should be done before treatment,

in order to obtain maximum effectiveness against fire. When cutting after treatment can-

not be avoided, the cut surfaces should be brushed generously and repeatedly with a

strong solution of the chemical used in the original treatment or soaked for several hours

in such a solution. When brush treatment of a cut surface is to be given, the bid pro-

posal and purchase order should state the number of gallons of 20-percent or saturated

fire-retarding solution that will be required.

It is the function of this committee to prescribe by means of specifications the

properties of fire-resistant wood desired, whether for fire resistance alone or combined

with decay and termite resistance. It is not the function of this committee to prescribe

the chemicals to be used to secure those desired properties. To that end promulgated

specifications should cover the fire resistance desired as measured by acceptable test

methods and should describe other properties required, such as the effect of the treated

wood on the corrosion of hardware, on paint, on health and handling, etc., and decav

resistance if desired. Until further experience is developed with treatment and the use

of fire-resistant wood, it is believed advisable to follow the dictates of past experience.

It has been practicable to supply milUons of feet of fire-resistant lumber under Bureau

of Yards and Docks Specification H8, Addendum "B", which contains a rigid requirement

for the fire resistant. Regardless of actual performance of wood so treated, it is doubtful

if under present known methods it will be practicable to produce a greater fire resistance

in wood. It is, therefore, recommended that the general scope of this specification be

adapted into a recommended AREA specification.
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Specification for Lumber and Timber Impregnated by Pressure Process
with Fire-Retardant Chemicals

A specification has accordingly been prepared for presentation to the Association as

information. It will probably not be advisable for a year or so to offer this specification

for adoption because much of the information that is suggested in the foregoing is as

yet not available. However, material supplied under the specification submitted here will

give an acceptable product. In presenting this specification the committee calls attention

to a number of points which are of importance in its interpretation.

SPECIFICATIONS FOR FIRE-RESISTIVE TREATMENT OF
TIMBERS AND LUMBER

1. Scope

These specifications apply to the methods for giving fire-resistive treatment to timbers

and lumber (hereinafter called wood) and also a method for testing the efficiency of such

treatment. The intent of these specifications is to provide the type of treatment which

will give the highest practicable degree of fire resistance to wood and to prescribe a

method for determining such highest practicable degree of fire resistance.

2. General Requirements

The following paragraphs, taken from Specifications for Treating Processes in the

Manual, page 17-5, apply:

102. Plant Equipment.—^Treating plants shall be equipped with the thermom-

eters and gages necessary to indicate and record accurately the conditions at all

stages of treatment, and all equipment shall be maintained in acceptable, proper

working condition. The apparatus and chemicals necessary for making the analyses

and tests required by the Purchaser shall also be provided by plant operators, and

kept in condition for use at all times.

103. Conditioning.—Material shall be conditioned by air-seasoning or when

necessary by steaming.

105. When steam-conditioning is used, material shall be steamed in the

cylinder at not more than 259 degrees F. (approximately 20 pounds pressure per

square inch), for not less than 6 hours and not more than 18 hours, which tem-

perature maximum shall not be reached in less than one hour. The duration of the

steaming shall be based on consideration of the shape, cross-sectional area and

moisture content of the material. The cylinder shall be provided with vents to

relieve it of air and insure proper distribution of steam. After steaming is com-

pleted a minimum vacuum of 22 inches at sea level shall be maintained for not

less than 60 minutes or more than 180 minutes. The cylinder shall be relieved

continuously or frequently enough to prevent condensate from accumulating in

sufficient quantity to reach the wood. Before the preservative is introduced the

cylinder shall be drained of condensate.

108. Machining.—So far as practicable, all adzing, boring, chamfering, framing,

gaining, incising, surfacing, trimming, etc., shall be done prior to treatment.

Only the same species of wood shall be treated in any charge.

3. Treatment Process

Wood shall be treated by the standard method given in paragraphs 208 and 213 on

page 17-7 of the Manual, with the elimination of requirements not pertinent to the

preservation of wood for fire resistance.
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208. Manner of Treatment.—Following the conditioning period, the material

shall be treated by the full-cell or Bethel process. The ranges of pressure, tem-

perature, and time duration shall be controlled so as to get the maximum pene-

tration of the preservative injected.

213. The temperature of the preservative during the entire pressure period

shall not be sufficient to change the character of the solution.

The total quantity of fire-retardant chemicals injected shall be such that when the

treatment is completed the wood will pass the performance test prescribed in paragraph S

of these specifications.

The quantity of zinc chloride or other wood preservative injected with the fire-

retardant chemical or chemicals shall be J^ pound of dry salt per cubic foot, unless

otherwise provided in the contract.

4. Chemicals

The chemicals, used separately or in combination, shall be such that are known to

have given a high degree of fire resistance to wood. The selection of the chemicals will

be left to the treating companies with the proviso in paragraph 5 that when injected

into the wood they render it highly fire resistant. The chemicals shall not react with

each other to form insoluble compounds when dissolved in water.

The chemicals used fall into two classes:

A. Chemicals or mixtures of chemicals to make wood fire resistant.

B. Preservatives to protect wood against decay. For this purpose zinc chloride or

other water soluble preservatives approved by the railroad shall be used, such as chro-

mated zinc chloride, Wolman salts, etc. The zinc chloride shah conform to the AREA
specification, as follows:

Zinc chloride shall be acid-free and shall not contain more than 0.1 percent

iron. Dry zinc chloride shall contain at least 94 percent soluble zinc chloride, and

in any solution specified the percentage of zinc chloride specified shall be the

amount of soluble zinc chloride required.

5. Performance Test

After treatment a number of sample boards, as described in paragraph 6, shall

be taken from each charge. Test pieces shall be tested by the Method of Test for

Fire-Retardant Properties of Wood (commonly known as the crib lest), ASTM designa-

tion C 160-4 IT,* except that the use of the flame shield referred to in paragraph 6(a) in

this ASTM method shall apply to all tests made under these specifications. The accept-

ance of the treated wood shall be based upon the loss in weight determined by the ASTM
Method C 160. The percent loss in weight shall be determined from the original and

final weights of the 24 test pieces after burning, flaming and glowing. This loss in weight

shall not exceed 25 percent.

An alternative method for determining performance, which may be used at the

direction of the railroad, is the tube test, as described in the specification of the Navy

Department, Bureau of Ships, 51C40 (INT), paragraphs F-2b and F-3a. The loss in

weight shall be the basis of acceptance, this shall not exceed 20 percent.

A fire test shall be made from test pieces from each board (paragraph 6) and the

results from the tests of each board shall be averaged; for instance, if there are four

* ASTM Tentative Standard C 160-41T may be obUined from the secretary of the American Society

for Testing Materials, 260 South Broad St., Philadelphia, 2, Pa., in lots up to 9 at 25 cents per copy;

10 to 24, 20 cents each; 2S to 99, 17J4 cents each.
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test boards in a charge, test pieces shall be cut from two boards (see paragraph 6).

These shall be tested separately, and the results from these two tests shall be averaged.

6. Specimens for Performance Test

The 24 J^-inch by J^-inch by 3-inch pieces needed for the performance test, as given

in paragraph 5, or the specimens % inch by 54 i"ch in cross section and 40 inches long

with a tolerance of ±:3"2 inch in cross-sectional dimensions and ±54 inch in length for the

tube test, shall be obtained from sample boards furnished by the Purchaser. There shall

be two sample boards for each .'i.OOO feet board measure in a charge, but no charge shall
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Fig. 1.—Location of Test Pieces in the Sample Boards for
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Fig. 2.—Location of Test Pieces in the Sample Board for

the Tube Test.



Buildings ITS

contain less than 4 nor more than 8 sample boards. These sample boards shall be of the

same kind of wood as the rest of the material in the charge and shall be representative

of the lot with respect to percent of heartwood and sapwood, density, etc. The sample

boards shall be at least 6 feet long, at least 6 inches wide and 2 inches thick. They can

be either full size rough or dressed standard. Half of the sample boards from each charge

shall be used for the performance test. The duplicate samples are to be reserved in case

of the necessity for retreatment. Immediately after treatment, 2 feet from each end and

Yz inch from each edge shall be cut from the sample boards and discarded. The remain-

ing inner portion shall be sawed into the test pieces as shown in Figs. 1 and 2.

7. Retests

In case of failure of the material to meet the test requirements for fire resistance

specified herein, two additional samples cut from the test boards originally selected shall

be subjected to the test prescribed. Any material failing to meet the requirements in one

of the retests shall be rejected.

8. Retreatment

Rejected material may be retreated and re-offered for acceptance, but treated mate-

rial for retreatment shall not be steamed. The duplicate test boards in the first treatment

shall be retreated with the charge and used for the performance test.

Comments with Reference to the Specifications for Fire-Resistive Treatment

1. Scope

The proviso that the type of fire resistance shall be of the highest practicable degree

is based upon the feeling that the best treatment is none too good in the majority of

cases. There will be conditions of course under which a lower type of fire resistance will

be satisfactory, but it was thought that at the outset the Association should present only

one specification. Experience will dictate to what extent this specification should be

modified.

2 and 3

These sections are self explanatory and require no comment.

4. Chemicals

All formulas have been omitted from these specifications. The Navy Department

Specification S1C38 (INT), April 1, 1943, provides five types of fire-retardant formulas,

four of which give the chemical constituents, and the fifth simply says "compounds as

may be acceptable by performance tests". This naturally suggests that if the wood passes

the performance tests, the formula used in treating it need not be disclosed. It would

appear logical to permit treating companies to use any formulas which will pass the

performance test provided in these specifications.

5. Performance Test

Two methods have been suggested to determine fire resistance: ASTM crib test

(C 160-41T) and fire tube test as printed in the Bureau of Ships Ad Interim Specifica-

tion, 51C40 (INT). There has been much discussion as to which of these tests is the

more suitable for the AREA. The present suggested specifications give preference to the

crib test for the following reasons. In the first section of these specifications the highest

practicable degree of fire resistance is specified. That is what is called for by the under-

writers and insurance companies in general. The impregnated wood therefore must resist

the most severe tests which can be given to determine the extent of fire resistance. The



176 Buildings

ASTM has selected the crib test as the standard for making fire resistance determinations.

This was done after a long series of tests conducted by six laboratories at which both
the crib test and the tube test were investigated. A complete report of Committee C-S.

under whose direction the tests were made, was printd in the ASTM Proceedings for

1941, pages 233 to 276. As a result of this investigation this committee recommended the

adoption of Tentative Method of Test for Fire-Retardant Properties of Wood in 1941

(see ASTM Standards, 1941 Supplement, Part II, pages 281 to 285). No alternative method
of test was suggested. Your committee found that this report of C-5 was the only printed

report dealing with the question of fire testing using the two suggested methods, namely,

the crib and tube tests. The report was based upon the results of six laboratories, which
indicate that the crib test is more severe than the tube test, and that there is less diver-

gence in the results obtained by the cooperating laboratories in the case of the crib test.

Since its adoption as a tentative standard the crib test has been generally used, and
a good deal of experience has been obtained with this method by government bureaus

and others interested in fire-resistance tests. It has also been found that the crib test

lacks the variables in operation and observation inherent in the tube test. One of the

specific reasons for favoring the crib test is that the whole lot of 24 pieces of wood is

constantly subjected to a severe flame, whereas in the tube test there is only one piece

of wood which has a variable position with reference to the flame, and also the entire

piece is not subjected to the flame. For these reasons it is believed that the crib test is

the logical one to use for the purpose of determining fire resistance of treated wood.

A good deal of research, however, is going on at the present time with respect to

both these methods of test. For this reason the tube test has been included as an alter-

native method to be used by such railroads as wish to do so. It has been suggested that

the tube test might be used for purposes other than weight loss determinations, but a

good deal of extensive research will have to be done before any definite statement can

be made. In view of the introductory statement in regard to the scope of the specifica-

tion, it is believed that preference should be given to the ASTM method of test.

It should be noted that this committee has modified some of the requirements of

the ASTM Tentative Standard C 160-41T, namely, in paragraphs 2 Sampling, 4(b) to

4(e) Test Specimens, and 6(a) Use of Hood.

Another point which requires explanation is the question of limits which have been
established for the crib test, namely, 25 percent weight loss. This figure was taken from
the Bureau of Ships Specification 51C40 (INT). Whether this is the correct hmit or

whether it should be higher or lower will be demonstrated after longer experience. It is

believed that the limit of 20 percent loss in weight for the tube test is a comparable
figure in view of the recognition that the tube test is less severe than the crib test. As
this is a specification presented for information only, research and practical experience

will determine whether there should be any changes in the limits of acceptance. For the

present the committee believes that the limits in this specification are reasonable.

The suggested specification gives the loss in weight as the only factor which deter-

mines the acceptance of fire-resistive wood. The Bureau of Ships Ad Interim Specification

51C40 (INT) and other specifications issued by the government as well as the ASTM
specify duration of flaming and duration of visible glowing in addition to final loss in

weight. All three limits set for high type fire resistance by the Navy, namely, 25 percent

in weight loss, 20 seconds flaming, and 20 seconds in glowing, must be fulfilled. In cer-

tain instances these limits are raised. The Bureau of Yards and Docks Specification HE,

Addendum "B", provides that, when testing by means of the crib test, flaming more than

20 seconds after the removal of the burner flame will be permitted if such flaming is

from pitch pockets only, and provided, further, that the total period of flaming shall
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be not longer than 45 seconds in not more than 6 pieces of a specimen and not longer

than 90 seconds in not more than 2 pieces in such specimen.

The committee recognizes the fact that one of the important factors involved in the

use of fire-resistant wood deals with the question of flame spread. No mention is made
of this in the specification for the reason that there is practically no information avail-

able at the present time on flame spread. We have been unable to develop a specification

for use in treating plants or railroad laboratories which will give us any definite informa-

tion. The only places where such a determination can be made are at the Underwriters'

Laboratories and at the Bureau of Standards. It would involve the construction of very

elaborate installations which are not available to the individual railroads. It is believed

that sooner or later some practical testing method may be available. The ASTM com-

mittees are now working on this matter, and it is suggested that the AREA committees

do so likewise.

The committee has taken into account the question as to the effect of treated wood
on corrosion of hardware, strength, painting, health and handling. It was found after

considerable research that the information available as to strength of fire-resistive wood,

corrosion and painting, is not available to a sufficient degree to write any definite clause

with reference thereto. It is believed that these matters should be mentioned in any

contract for treated wood. In other words, in view of the fact that the actual composi-

tion of the chemicals will be unknown to the railroad, a clause in the contract should

provide that the chemicals are of such character as will not cause material reduction in

strength of the wood, nor cause excessive corrosion of hardware. The investigation now
under way deals with both these topics and sooner or later some definite information

will be available. It is the committee's belief, substantiated by railroad counsel, that the

influence of treatment on health and handling is not a subject to be included in a speci-

fication. This will have to be taken care of when the contracts are let. In other words,

the contractor will have to assure the railroad that the chemicals he uses will not affect

health or be injurious to persons handling the treated wood.

6. Specimens for Performance Test

In the specification the following clause occurs: "The sample boards shall be of the

same kind of wood as the rest of the material in the charge and shall be representative

of the lot with respect to percent of heartwood and sapwood, density, etc." Since the

acceptance or rejection of whole charges is made dependent on the representative nature

of the sample boards, there should be agreement between the railroad and the treating

company as to the representative nature of all sample boards before any charge is treated.

A clause concerning this point should be a part of every agreement or contract.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Revision of Specifications for Steel Railway Bridges, Chapter 15 of the

Manual, presented for adoption and publication in the Manual page 180

2. Specifications for fusion welding and gas cutting for steel structures, collabo-

rating with ASTM Committee A-1 on Steel, and the American Welding

Society Conference Committee on Bridges.

No report.

3. Design of expansion joints involving iron and steel structures.

No report.

4. Relation between fatigue of metals and bridge design.

No report.

5. Progress in design of bridge details.

No report.

6. The shortening of eye-bars to equalize stress.

No report.

7. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Iron and Steel Structures,

J. E. Bernhardt, Chairman.

AREA Bulletin 443, January 1944.
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Report on Assignment 1

Revision o£ Manual

O. E. Selby (chairman, subcommittee), R. N. Brodie, O. F. Dalstrom, Shortridge Hardesty,
O. K. Peck, G. H. Trout, F. E. Turneaure, C. E. Webb, H. T. Welty.

Specifications for Steel Railway Bridges

The committee recommends the following revisions of the Specifications for Steel

Railway Bridges.

Information to be given bidders p. 15-1

Revise Item 2 to read:

2. Is the alinement straight or curved? 105,208

If curved, what is the degree of curve? What is the superelevation of the outer rail?

What speed should be used in the design?

204 p. 15-6

Revise (a) and (b), including formulas, as follows:

(a) Steel beams, single or double track.

W \L— c, 13.6L

/¥|/ 2.9A (c+ 5){r-{- 20)

(b) Timber ties, single track (with or without stringers).

WW_ Vl— S , L— 2.5 3/ Wh]
f [_2.94

"^ 1.8(r+20)y / J
206 p. 15-7

Revise to read:

Impact

206. To the axle loads specified in Article 203 there shall be added impact forces,

applied at the top of rail and distributed thence to the supporting members, and com-
prising:

(a) The rolling effect:

Vertical forces due to the rolling of the train from side to side, acting downward on

one rail and upward on the other, the forces on each rail being equal to 10 percent of

the axle loads.

(b) The direct vertical effect:

Downward forces, distributed equally to the two rails and acting normal to

the top-of-rail plane, due, in the case of steam locomotives, to hammer
blow, track irregularities and car impact, and equalling the following per-

centages of the axle loads:

For L less than 100 feet 100— 0.60L

For L 100 feet or more
^^°° + 10

L — 40
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or due, in the case of electric locomotives, to track irregularities and car

impact, and equalling the following percentage of the axle loads:—— + 12.5

Z.= length, in feet, center to center of supports for stringers, longitudinal

girders, and trusses (chords and main members)
;

or, L z= length, in feet, of floor beams or transverse girders, for floor beams,

floor beam hangers, subdiagonals of trusses, transverse girders, and

supports for transverse girders.

208 p. 15-7

Replace the first four lines of the article with the following:

208. On curves, a centrifugal force corresponding to each axle load shall be applied

horizontally through a point 6 feet above the top of rail measured along a line per-

pendicular to the line joining the tops of the rails and equidistant from them. This force

shall equal the percentage 0.001 175^D of the specified axle load without impact,

5 =z speed in miles per hour,

D =^ degree of curve.

On curves, each axle load on each track shall be applied vertically through the point

defined in the first paragraph of this article. The impact forces shall be computed and

applied as specified in Articles 206 and 207.

Preferably the section of the stringer, girder or truss on the high side of the super-

elevated track shall be used also for the member on the low side, if this is greater than

the computed section of the latter. If, under the foregoing provisions, the member on the

low side shall be computed for the increased live load forces due thereto, no impact forces

shall be added except upon estimating a speed consistent therewith, including the relief

from the centrifugal force at such speed. If such computations require greater section

in the member on the low side, it shall be so designed.

(Continue with the remainder of the article, beginning with "The table following"

etc.)

216 p. 15-9

Revise the first sentence to read:

216. Members subject to both axial and bending stresses, including bending due to

floor beam deflection, shall be so proportioned that the combined fiber stresses will not

exceed the allowed axial stress.

218 p, 15-9

Revise the second sentence to read:

Secondary stresses due to truss distortion usually need not be considered in any

member the width of which, measured parallel to the plane of distortion, is less than to

of its length.

504 p. 15-20.1

Revise the third paragraph to read:

If there are not more than three plies of main material, and if no ply is more than

5^ inch thick, holes in the main material may be punched full-size, except that:

(a) Holes in shop-riveted floor sections, composed of several members to be

erected as a unit, shall be sub-punched (or sub-drilled) and reamed.
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(b) Holes in field connections (except those in lateral, longitudinal, and sway

bracing) shall be sub-punched (or sub-drilled) and reamed, unless they are

drilled full-size while the connecting parts are assembled.

511 p. 15-21

Add the following to present article:

Riveted trusses, chords of pin-connected trusses, and skew portals shall be assembled

to line and fit in the shop, either in whole or in part.

Shop-riveted floor sections shall be assembled in the shop with the girders or trusses

or in suitable frames.

512 p. 15-21

Revise to read:

Reaming in Shop-Riveted Floor Sections

512. In shop-riveted floor sections composed of shapes and plates, holes for rivets to

connect the parts shall be reamed while the sections are assembled as specified.

513 p. 15-21

Revise to read:

Field Connections

513. Holes for field connections of riveted trusses, chords of pin-connected trusses,

skew portals and shop-riveted floor sections, shall be drilled or reamed while the con-

necting parts are assembled as specified; or else such holes shall be reamed to metal

templates so placed as to secure the same result as assembling. Holes for other field con-

nections (except those in lateral, longitudinal, and sway bracing) shall be reamed or

drilled to a metal template.

527 p. 15-22

Revise to read:

527. The bearing ends of stiffeners on beams and girders shall be milled or ground

to bear against the flange or else shall be welded to the flange. The fit of other stiffener

ends against the flange shall be such as to exclude water after being painted. There shall

be no welding to a flange at a point where the tensile stress exceeds one-fifth of that

allowable. Fillers and splice plates shall be made to fit within ^ inch at each end.



Report of Special Committee on Impact

C. H. Sandberg, Chairman, C. S. Johnson C. P. Schantz
S. F. Grear a. N. Lairo C. E. Sloan
A. R. Harris B. R. Leffler F. E. Turneaure
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Tests of short steel spans with open floor, together with effect of track

inequalities and worn wheels on such spans.

Progress report, submitted as information page 184

2. Tests of steel spans with ballasted deck, including spans with precast concrete

decks and poured-in-place concrete decks; also tests on ballasted decks with

timber floors; particular attention to be given to the damping due to the

type of deck and the track ballast.

Progress report, submitted as information page 184

3. Tests of dynamic shear in steel girder and truss spans.

Progress report, submitted as information page 184

4. Tests of impact in columns and hangers of steel spans.

Progress report, submitted as information page 184

5. Tests of rigid frame structures of steel and concrete.

No report.

6. Analysis of additional data from impact tests.

Progress report, submitted as information page 184

7. Determination of damping factors of steel spans and the variation in amount

of damping with change in loading, by means of tests with an oscillator and

model tests.

No report.

Because of severe illness, Mr. J. B. Hunley, who served as chairman of your com-

mittee from March 1937, was compelled to tender his resignation in the fall of 1943.

Recognized for more than a decade as the leading authority on the subject of impact in

railroad bridges, his leadership and personal contributions to the work of the committee

have been invaluable. Your committee, therefore, takes this occasion to record its

appreciation of the outstanding service which he rendered.

The Special Committee on Impact,

C. H. Sandberg, Chairman.

AREA Bulletin 443, January 1944.
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Report on Assignment 1

Tests of Short Steel Spans with Open Floor, Together with Effect

of Track Inequalities and Worn Wheels on Such Spans

The committee submitted a partial report on this assignment in the Proceedings,

Vol. 44, 1943, pages 26-119, inclusive.

Further tests were made during 1943 on a 34-ft. beam span, under both Diesel and
steam locomotives, to secure additional information on the effect on the span of a bat-

tered rail joint and a welded rail joint at the center of the span.

The committee reports progress in analyzing these data, as well as the data obtained

under the steam locomotives on the other short span bridges.

Report on Assignment 2

Tests of Steel Spans with Ballasted Decks

Considerable information on the damping developed by a ballasted poured-in-place

concrete deck, was secured by your committee in the analysis of data obtained by the

Pennsylvania Railroad at Elkton, Md. The committee presented a description and anal-

ysis of these data in Bulletin 439, June-July 1943, pages 1-42, inclusive.*

Report on Assignment 3

Tests of Dynamic Shear in Steel Girders and Truss Spans

During the past season, the dynamic shears in the end posts and diagonal members

of a 160-ft., single-track, through riveted truss span were measured under steam pas-

senger and freight locomotives.

Report on Assignment 4

Tests of Impact in Columns and Hangers of Steel Spans

The dynamic stresses in the hangers of a 160-ft. riveted through truss span, with

panel points 20 ft. 4% in. center to center, were measured in connection with the tests

made under Assignment 3.

Report on Assignment 6

Analysis of Additional Data from Impact Tests

The Pennsylvania Railroad has kindly furnished the committee with the complete

data obtained from tests on an 81 -ft. ballasted poured-in-place concrete deck girder span,

at Elkton, Md., and a description and analysis of these data have been reported under

Assignment 2.

This report appears also in the Monograph section of this volume of the Proceedings.



Report of Committee 28—Clearances

A. R. Wilson, Chairman, B. W. DeGeer A. N. Laird
J. E. Armstrong R. P. Hart H. L. Stanton
J. E. Bernhardt W. J. Hedley A. B. Stone
J. G. Brennan F. W. Hillman D. B. Thompson

Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Clearance diagram for turntable, Fig. 2, appearing on page 186, presented for adoption

and publication in the Manual.

2. Clearances as affected by girders projecting above top of track rails, structures, third

rail, signal and train control equipment, collaborating with Electrical Section, Engi-

neering Division, and with Mechanical and Operating-Transportation Divisions, AAR.

No report.

3. Provide clearance diagrams for recommended practice, collaborating with committees

concerned.

No report.

The Committee on Clearances,

A. R. Wilson, Chairman.

Note.—The Association in 1943 adopted the report of Committee IS on turntables,

which included a clearance diagram, this diagram being inconsistent with Fig. 2, Clearance

committee, page 28-3 in the Manual, a note on this page being added reading: "Pending

review of Fig. 2 above by Committee 28—Clearances, it is recommended that the diagram

appearing on page 15-110, AREA Manual, be used in its stead."

As noted in the report, the diagram has been revised ; it now agrees with the diagram

appearing on Manual page 15-110, Committee 15.

AREA Bulletin 443, January 1944.
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CLEARANCE DIAGRAM FOR TURNTABLES
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Report of Special Committee on Waterproofing of

Railway Structures

J. A. Lahmer, Chairman, J. P. Gallagher F. P. Turner
F. E. Bates A. C. Irwin T. M. von Sprecken
G. E. Boyd L. H. Laffoley L. W. Walter
A. C. Copland F. J. Pitcher H. T. Welty
A. G. Borland G. E. Robinson C. A. Whipple

Committee

To the American Railway Engineering Association :

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Waterproofing of railway structures.

Final report on comparative tests of waterproofing asphalts and coal tar pitches,

presented as information below.

3. Continue the study of means for conserving labor and materials, including the adap-

tation of substitute non-critical materials, advising the secretary currently of recom-

mendations that merit emergency adoption and prompt publication.

No report.

The Special Committee on Waterproofing

OF Railway Structures,

J. A. Lahmer, Chairman.

Report on Assignment 2

Waterproofing of Railway Structures

Comparative Tests of Waterproofing Asphalts and Coal Tar Pitches

G. E. Robinson (chairman, subcommittee), A. C. Irwin, H. T. Welty.

This is a final report submitted as information.

The Special Committee on Waterproofing has learned that in recent years there have

been developments in the processes for refining bitumens, and in particular coal tar pitch,

which materially improve their characteristics for waterproofing uses. The committee

has from time to time been advised by the manufacturers that the present AREA specifi-

cations for asphalt for use above ground could be met only by asphalt produced from

Mexican crude and could not be met by asphalts made from crudes produced in the

United States. Accordingly, a research program was formulated to determine, in general,

the following:

1. To what extent the asphalt manufacturers could meet present requirements of

AREA specifications.

AREA Bulletin 443, January 1944.
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2. To compare certain physical properties of asphalt and coal tar pitch under

identical conditions of test, which comparison would afford valuable information

to the engineer in the selection of materials for any particular waterproofing

installation.

In order to determine to what extent the asphalt manufacturers could meet present

AREA specification requirements, it was decided to subject all asphalt samples to the

regular specification test. The manufacturers had not advised of any particular difficulty

in meeting present specifications for coal tar pitch so it was not considered necessary to

run the coal tar pitch specification tests on pitch samples.

To obtain information outlined in Item 1, it was decided to make the following

comparisons of physical properties for the reasons stated:

Loss of Volatile Matter at 325 Deg. F.—In order to apply bitumen waterproofing,

it is necessary that it be heated. Specifications provide that coal tar pitch may be heated

as high as 325 deg. F., and that asphalt shall not be heated above 350 deg. F. It was

decided, therefore, to heat asphalt and pitch each to 325 deg. F. for a period of 5 hours

and measure the loss of volatile matter as an indication of the resultant damage which

would be done to the bitumen by heating before application.

Ductility at 77 Deg. F. and 41 Deg. F.—Waterproofing material installed above

ground is subject to a considerable range of temperature. It was decided, therefore, to

determine the ductility of asphalt and coal tar pitch at 77 deg. F. and 40 deg. F. to

ascertain effect of temperature change on their ductility.

Gain in Weight Due to Immersion in Water.—This comparison is made to indicate

the relative resistance of the bitumens to water permeation, which is one of the primary

functions of a satisfactory waterproofing material.

Loss in Weight by Leaching or Otherwise After Immersion in Water.—The purpose

of this test is to determine the amount of bitumen lost by leaching or otherwise, as a

result of the material being in contact with water and also to determine the extent to

which leaching would affect the gain in weight due to immersion in water as determined

in the test cited in the preceding paragraph.

Effect of Aging.—This test was made for the purpose of determining the suscepti-

bility of the various bitumens to the effects of aging indoors and out of doors.

Permeability.—Tests for permeability were devised to determine the amount of per-

meation (water passing through the bitumen) when subject to hydrostatic pressure.

A similar test was made to determine the resistance of the various bitumens to acid

permeation.

Resistance to Impact.—In many installations bitumen coated membrane waterproof-

ing is subject to impact, and this test was proposed to determine relative resistance of

bitumens to impact at low temperatures.

On April 22, 1941 the following letter was addressed to nine asphalt and four coal

tar pitch producers:

The AREA Special Committee on Waterproofing of Railway Structures pro-

poses to conduct tests to determine under comparable conditions of test the

relative values of asphalt and coal tar pitch for waterproofing railway structures,

with particular regard to:

1. Loss in volatile matter at 325 deg. F.

2. Ductility at 77 deg. F. and 41 deg. F.
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3. Gain in weight due to immersion in water.

4. Loss in weight by leaching or otherwise, after immersion in water.

5. Effect of aging indoors and outdoors.

Wherever possible, the above mentioned tests will be conducted in accordance

with present ASTM standards, and the details which will be followed for the

conduct of tests not now prescribed by the ASTM will be worked out later and

copy furnished you for your information.

It is not the purpose of the tests to compare the products of individual

manufacturers.

What we should Hke to determine at this time is whether your company

would be interested in cooperating in these tests to the extent of furnishing IS one-

gallon samples of waterproofing asphalt or coal tar pitch for use above ground,

substantially conforming to requirements of the present AREA specification (copy

attached). All samples should, of course, be from a single batch.

Materials furnished by various manufacturers will be designated by letters

and each manufacturer will be advised of the letter applied to his product only.

No reference will be made in published reports to the names of the manufacturers

submitting samples.

The committee will have the tests carried out under the direction of the

following subcommittee at one of the railroad testing laboratories:

G. E. Robinson (chairman), assistant engineer of structures. New York

Central Railroad, Chicago

A. C. Irwin, assistant subway engineer, 22 E. Huron St., Chicago

H. T. Welty, engineer of structures. New York Central Railroad, 466 Lex-

ington Ave., New York City

If you are willing to send us IS samples of your product as indicated above,

will you please address them to:

G. M. Magee, Research Engineer

Association of American Railroads

59 East Van Buren Street

Chicago, S, Illinois

Will you please inform Mr. Robinson, chairman of the subcommittee, as soon

as possible whether you wish to cooperate in these tests and the approximate date

samples will be furnished.

He would also like to know, if consistent, and for the confidential information

of the AREA Waterproofing committee, the source of the crude from which the

asphalt is made and the type of refining, that is, whether steam refined or vacuum

refined, whether partially steam or vacuum refined and partially blown, etc., and

corresponding information regarding coal tar pitch.

If possible, we would like to have the samples taken from stock, but in any

case, would like to know whether they are laboratory produced or plant produced

and the approximate date of production.

If you wish, the subcommittee will be glad to furnish you a one-gallon sample

of each of the bitumens to be included in the test so that you may conduct a

corresponding series of tests at your own laboratory. In the event you make such

tests, the committee would, of course, appreciate receiving a copy of the results

so that there will be a larger volume of laboratory data to study.
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3. Effect of water absorption on physical properties.

(a) One 12-in. square of stainless steel plate was coated on both sides with J^-in.

layer of bitumen. The panel was immersed in water tank in laboratory for

90 days.

(b) Panel was removed, dried in air and bitumen scraped off. This bitumen was

then subjected to physical property tests for softening point, penetration and

ductility as given in section A.

C. Tests to Determine Effects of Aging

1. One side of a 3 in. by 6 in. stainless steel plate was coated with a J^-in. layer of

bitumen. Accelerated weathering tests were made in general accordance with ASTM
D 529 using the following cycle:

Type of Weathering Hours Remarks

Water exposure %
Cold exposure 1^ Temp. —20 deg. F.

Light spray , 4

Water exposure ^
Exposure to light 17 Temp. 140 deg. F. ±S deg.

It was found that the panels with the J^-in. coating of bitumen could not be tested

in a vertical position due to excessive sloughing. Therefore, a thin painted coat of the

hot bitumen was applied to the panel for testing in the vertical position and a shallow

3 in. by 6 in. pan was filled with ^ in. of bitumen and tested in a horizontal position.

2. Companion panels coated with % in. of bitumen were placed in a vertical position

indoors and at an angle of about 60 deg. with the horizontal outdoors for observational

tests on the effect of aging and weathering.

3. After completion of tests (1) and the indoor specimens of (2) the test panels were

bent through 90 deg. at a temperature of —20 deg. F. over a ^-in. diameter rod.

A similar test was made on a test panel coated with bitumen in the same manner, but

not subject to any aging.

D. Water Permeability Test

The purpose of the permeability test was to subject bitumen coated membrane to

hydrostatic pressure and measure the permeation (passing of water through the bitumen).

The Portland Cement Association had developed special apparatus for the purpose of

determining the permeability of concrete to water under pressure which was considered

suitable for our purpose. Arrangements were made with that association for conducting

this test. The apparatus consisted of a pressure tank and pump automatically controlled

to maintain constant water pressure, and a pipe line from this tank to a test rack of

individual pressure cylinders containing the concrete test specimen.

The concrete test specimens were discs 6 in. in diameter and 3 in. thick. One face of

the disc was first coated with a primer made by thinning the particular bitumen to be

tested. After the priming coat was thoroughly dry a mopping of bitumen was applied,

approximately le in. thick. Each test specimen was then placed in a pressure cylinder,

with the bitumen coated face directly exposed to the water pressure, and the edge of the

disc sealed to the side wall of the cyhnder with paraffin. The opposite face of the test

specimen was open to the air and a glass funnel and container collected any water that

passed through the bitumen and concrete disc. A water pressure of 80 lb. per sq. in. was

maintained for a 10-day period. Sufficient pressure cylinders were available to test all

the bitumens simultaneously.
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Fig. 1.—Aging Test Panels.

A. Unweathered panels. D. Outdoor panels, 90-day exposure.

B. Vertical weatherometer panels. E. Outdoor panels, 1-year exposure.

C. Horizontal weatherometer panels.
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Fig. 2.—Equipment for Making Drop Tests.

E. Acid Permeability Test

Concrete discs 1 in. thick by V/t. in. in diameter were primed, dipped into bitumen
at 325 deg. F. and cooled. The coated discs were immersed in 5 percent sulfuric acid

solution at room temperature for a period of 100 hours and the dissolved lime determined

analytically and reported on the basis of pounds calcium sulfate per 1,000 sq. ft. of

exposed area.

F. Impact Test

Two 6-in. cubes of concrete were given a priming coat of the bitumen on the top

surface and left to dry over night. The bitumen was heated to 325 deg. F. for 3 hours

and applied over the priming coat, using 4 moppings of the bitumen and 3 layers of

fabric conforming to AREA Specifications for Membrane Waterproofing.

The specimens were then precooled to deg. F. and tested at this temperature in

the drop testing machine pictured in Fig. 2. A steel ball weight, 101.5 lb., was dropped
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from 3 progressive heights, namely 6 in., 12 in., and 18 in. onto a 2^-in. dia. steel disc,

2 in. thick, placed on the membrane and after each blow the membrane was examined

visually for resistance to shattering and adhesion to the concrete. The condition of the

membrane after the third blow was recorded. These impacts amounted to 8.S4, 17.0Q

and 25.63 ft. -lb. per sq. in. of contact area.

Comments on Individual Tests

A. Laboratory Tests of Physical Properties

The laboratory tests of physical properties consist of regular AREA specification

tests for waterproofing asphalt for use above ground with the addition of tests for vis-

cosity at 325 deg. F., solubility in carbon tetrachloride and ash determination. The same

tests were applied to the samples of coal tar pitch, which is not the usual procedure;

but this was done to compare the physical properties of the two types of bitumen. As

previously explained, the coal tar pitch samples were not subjected to the coal tar pitch

specification tests because there was little doubt that AREA requirements could be met

by manufacturers.

Generally the asphalt samples met the AREA specification requirements satisfactorily

with the single exception of requirement for ductility. Only 1 asphalt sample met duc-

tility requirement at 77 deg. F., although 4 samples met this requirement at 41 deg. F.

The results of tests for penetration and ductiUty vary much less at the different

temperatures in the case of asphalts than in the case of pitches.

The asphalt showed less change in viscosity than the tars with temperature changes

as shown by penetration and ductility test results for the range of temperatures used.

Table 4 gives comparison of values of physical properties obtained under the AREA
tests, values reported by the manufacturers when the samples were furnished and values

reported by two of the manufacturers who ran tests on a set of 11 samples of the

same material tested by the AREA.

B. Water Absorption and Leaching

(a) As shown by the following tabulation, the pitches in general absorbed about Vs

as much water as the asphalts; on the other hand, the 7 asphalt samples after leaching

show an average gain in weight of 0.13 percent, while the 4 pitches show an average loss

in weight of 0.4 percent. It should be noted that Table 3 shows a wide variation between

the samples of each material in each respect.

Percent Increase in Weight
Test Period Asphalts

(Days) Max. Min.

10 0.35 0.13

20 0.57 0.21

30 0.64 0.22

45 0.78 0.30

60 0.95 0.39

90 1.20 0.56

(b) Changes in weight due to leaching were small and are not considered to be

significant. In fact, in most of the cases it was not possible to dry the sample back to its

original weight in any reasonable time.

Pitches
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(c) Immersion in water for the 90-day period did not have any very marked effect

on the physical properties of either the asphalts or the pitches as indicated in the

following tabulation:

Properties After 90 Days Water Immersion Expressed in Percentage
Change from Fresh Sample

Sample Softening Penetration—Deg.F. Dnctility^Deg. F.

Number Point 32 77 115 77 41
Asphalts

1-A +2.6 +1.8 —23.8 —23.8 +11.1 —11.1 .

2-C —2.6 +19.0 —17.8 —6.2 —53.8 +39.5
3-E +0.9 —12.5 —16.1 —26.3 —3.4 +4.9
4-J +1.4 +14.1 —11.1 +12.7 +31.3
S-K —0.2 —7.4 —16.2 —18.6 +20.2 +2.1
6-N —1.9 —4.5 —14.2 —22.8 —34.0 +5.3
7-M —1.2 +1.2 —20.0 —26.2 —2.4 —13.3

Pitches

8-E —0.7 —27.9 —27.0 +7.7 No
9-F —5.4 —21.5 +19.5 +30.2 Ductil-

10-G —2.3 —0.9 —23.5 —15.8 ity

11-D +0.1 —26.2 —31.4 +4.6

C. EfJects of Aging

(a) In general the pitches were affected a great deal more by these weathering expo-

sures than were the asphalts. Sloughing and cracking are prominent in the pitch samples.

(b) In the outdoor weathering tests the panels were placed on the roof over the

laboratory. The pitches flowed and, excepting Sample 11, cracked quite badly. Fig. 1 D
shows the condition of the panels after exposure from October 30, 1941 to January 30,

1942, and Fig. 1 E shows the condition of panels on October 30, 1942 after exposure for

a full year. After the full year all samples had sloughed or flowed. Asphalt 7-M had

sloughed or flowed to a small extent; the other asphalts had flowed in varying amounts

up to a considerable extent as rated in Table 3 under C (b). The pitches had flowed to

a serious extent, three of the samples leaving portions of the panel exposed. Chalking,

checking, cracking and alligatoring were of only minor importance because successive

sloughings had healed these defects.

(c) Neither asphalts nor pitches had sufficient ductility at —20 deg. F. to stand the

bend test at 90 deg. around a ^-in. diameter rod. In view of this, no bends were made
on the outdoor panels. The panels are being preserved to continue the outdoor tests.

(d) The water permeability tests reported in Table 3 did not bring about any con-

clusive differences between the asphalts and the pitches. The bitumen in this test was

subjected to 80 lb. per sq. in. water pressure, equivalent to a 185-ft. head of water.

From an examination of the specimens it appeared that the water which did pass through

the bitumen did not do so by permeation, but rather by rupturing small air bubbles in

the coating and passing through the holes so formed. Passage of moisture is considered

cf more importance than absorption.

(e) In the acid permeability test the acid apparently did not permeate the bitumen,

but attacked the concrete through holes resulting from air bubbles in the coating. These

tests were not conclusive because it is not certain that failure was due to attack on the

bitumen by the acid rather than inability to apply a tight film. The asphalts behaved

better than the pitches, which may have been due in part to a heavier coating of asphalt



200 Waterproofing of Railway Structures

Fig. 3.—Membrane Coatings After Being Subjected to Drop Test at Deg. F.

than pitch having resulted from dipping at 325 deg. F., because asphalt is somewhat more

viscous at this temperature than pitch.

(f) In the drop test some advantage was indicated for the asphalts; at lower tem-

peratures pitches did not withstand impact and bending as well as asphalts. Fig. 3 shows

the condition of the membrane coatings after the completion of the drop test.

Addendum

It was believed that the water permeability tests described in section C (d) above

did not present an entirely satisfactory comparison of the relative resistance of the

bitumens to water permeation. Accordingly, an additional water permeability test was

started on November 3, 1942. For this test, 11 steel pipes 2 ft. in length and 5% in.

inside diameter were obtained and a coarse wire screen was welded over one end of each

pipe. This screened end of each pipe was then sealed over using four moppings of bitumen

and three layers of fabric. A water tank and mounting rack were constructed as shown
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Fig. 4.—Water Tank and Mounting Rack for Water Permeability Tests.

Six steel pipe specimens are shown in the testing position; five others have been
inverted to show th? bitumen seal on the end.

in Fig. 4, so the steel pipes, when placed in the rack, would have the bitumen coated end

surrounded by water to a depth of 10 in. This depth of water was maintained constant

throughout the test period, giving a pressure of 0.36 lb. per sq. in. The water temperature

varied only from a low of 67 deg. F. to a high of 75 deg. F. This report covers a test

period of one year, but the test is being continued.

In this test period, all of the bitumens afforded a perfect seal with the exception of

bitumen 3-E which gave the following results:

Amount of Water
Period Passage

11— 3--*2 to 2—1—43 None
2— 1—43 to 2— 4—43 0.97 gal.

2— 4—43 to 3— 6—43 Trace daily
3— 6^3 to 3—22—43 None
3—22—43 to 4— 3—43 Trace daily
4— 3—43 to 4— 5—43 0.16 gal.

4— 5—43 to 4—19—43 Trace daily
4—19—43 to 4—27—43 1.07 gal.

4—27—43 to 1 1— 3—43 None

In the foregoing, reference is made to the amount of water passage rather than to

permeation because the results indicate leakage rather than permeation of water through

the bitumen.

The outdoor aging test now covers two full years of exposure. The asphalts show a

little more sloughing and the pitches show one additional defect, shallow checking, com-

pared with the condition after one year of exposure. No change is indicated in the rela-

tive ratings shown for one year of exposure.
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Conclusions

1. Conformity of Asphalt Samples to Asphalt Specification Requirements.—Although

there are variations in the results obtained in the tests made under the direction of the

committee and in the tests made by producers, in general, the asphalt specimens comply

with requirements of the AREA Specifications for Membrane Waterproofing, asphalt for

saturant and mopping above ground, except that only sample 2-C (derived from Mexican

crude) complied with requirement for ductility at 77 deg. F. It is understood that asphalts

produced from other crudes have characteristics which make it impossible to meet re-

quirements for ductility of asphalt to be used above ground, at both 77 deg. F. and

41 deg. F. without sacrificing other important requirements. It is suggested that consid-

eration be given to the revision of AREA specifications in the light of these tests.

2. Relative Values of Asphalt and Coal Tar Pitch for Waterproofing of Railway

Structures with Regard to Certain Physical Characteristics.—^Water may pass a water-

proofing coating by permeation or through openings resulting from bubbles or cracks.

Selection of waterproofing material for a given installation should be based on the service

conditions which are anticipated and the extent to which the physical properties of the

waterproofing material will meet these conditions.

Asphalt and coal tar pitch each have certain characteristic properties. The tests have

definitely indicated that asphalts have better ductility at low temperatures, which in

certain installations would be of value in resisting cracking. Some advantage for asphalt

is also indicated with respect to water or acid entering through holes resulting from

bubbles in the coating. The tests to determine the relative resistance of asphalt and pitch

to water permeation do not seem conclusive or entirely satisfactory. The pitches show

less water absorption and this indicates greater resistance to water permeation. The physi-

cal properties of asphalts and pitches as determined in these tests may be used by the

engineer as a guide in the selection of the waterproofing bitumen for a particular use.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Simplification of grading rules and classification of timber for railway uses,

collaborating with other organizations interested.

No report.

3. Overhead wood or combination wood and metal highway bridges, collaborat-

ing with Committee IS—Iron and Steel Structures; and conferring with

proper committee of the American Association of State Highway Officials.

No report.

4. Specifications for design of wood bridges and trestles.

No report. Certain typographical errors that have been noted in Figs. 720

and 721 will be corrected on revised copies of pages 7-115 and 7-116 to be

included in the 1944 supplement to the Manual.

5. Improved design of timber trestles.

Progress report, including plans submitted for adoption page 205

6. Specifications and design of fastenings for timber trestles, including metal

joint connectors.

Progress report, cooperation in preparation of plans presented under Assign-

ment 5 page 205

7. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

Progress report, emergency provision page 206

The Committee on Wood Bridges and Trestles,

R. P. Hart, Chairman.

AREA Bulletin 443, January 1944.
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HTofjn ^. J^etolin

John A. Nevvlin, for many years chief of the division

of timber mechanics at the United States Forest Products

Laboratory at Madison, Wis., died at Madison on March
27, 1943, four weeks after his retirement from the labora-

tor\- staff following nearly 40 years of service. He was
born at Plainfield, Ind., in 1872, and was graduated from

Purdue University in 1900 with the degree of Bachelor of

Science in Civil Engineering.

He was employed as a civil engineer with the Chicago,

Indianapolis & Louisville Railroad, and the Pittsburgh,

Cincinnati, Chicago & St. Louis Railroad for four years,

and in 1904 he joined the Forest Service as engineer in

timber testing on a cooperative project then under way at

Purdue University. Within a short time he was placed in charge of this work, which

was transferred to Madison in 1010 with the establishment of the Forest Products Labo-

ratory at that place. He became a member of the American Railway Engineering Asso-

ciation in 1924, and a member of Committee 7 in 1925.

Mr. Newlin was an outstanding authority on the use of wood as an engineering

material. He conceived and directed the work of the Forest Products Laboratory in

timber testing, developing methods which have since been adopted by similar laboratories

in many countries. He evolved many formulas and methods of calculation not previously

available, including methods for grading wood beams and columns for strength, for cal-

culating the strength of wood columns and of checked wood beams, and the strength of

metal fastenings for wood, including timber connectors.

He was an authority on the testing and use of wood in aircraft, and a number of

reports were prepared for the National Advisory Committee for Aeronautics under his

direction. He was also prominently identified with designing and testing and the prepar-

ing of specifications for all types of shipping containers.

As a boy, Mr. Newlin enjoyed the benefit of training in observation and analysis

which he gained from his father, himself a scientist. With this background, and his own
great ability and long experience, he came to know wood and what to expect of it to a

remarkable degree, relating characteristics in tests for various purposes to results to be

expected in a particular use. His ability and judgment in this respect are irreplaceable

because they were inherent and not subject to record.

Committee 7 here records its recognition and appreciation of Mr. Newlin's ability,

judgment and counsel, and its deep regret at his loss.
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Report on Assignment 5

Improved Design of Timber Trestles

F. H. Cramer (chairman, subcommittee), R. E. Caudle, A. B. Chapman, S. F. Grear.

C. S. Johnson, H. T. Livingston, W. L. Peoples, William Walkden.

For some time your committee has been aware of the need for a complete redrawing

of the plans for recommended designs of pile and frame trestles. Those now in the

Manual, having been adopted a number of years ago, are typical of the practice of the

railroads at a time when a large part of trestle construction was of untreated wood;

whereas with the use of treated wood changes in detail are required to minimize the

cutting of timbers in the field.

Accordingly, your committee in 1936 prepared preliminary plans which were sub-

mitted tentatively at the annual meeting in March 193 7, Proceedings, Vol. 38, 1937, page

184, with the intention of submitting additional plans in subsequent years, with the view

to their eventual adoption. As the committee at that time deemed it advisable to develop

specifications for the design of wood trestles, it was found necessary to defer the comple-

tion of the revised drawings until the specifications for design had been approved by

the Association.

These specifications were adopted in March 1943, but in the meantime there have

been so many changes in practice with respect to the details of wood trestles that your

committee had to undertake a complete revision of the trestle plans. In addition to the

necessity of introducing features to obviate the field cutting of members, for example,

the skewed arrangement of stringers in open decks to facilitate end laps, the current

trend towards simplification in timber sizes, whereby a minimum number of sizes would

be necessary, had to be taken into account. Furthermore, such extended use is now being

made of the modern timber connectors as to indicate the desirability of incorporating

this type of fastening in the recommended plans.

The drawings were developed with the idea of illustrating typical designs; the essen-

tial features as well as the details of designs for specific span lengths, for both open deck

and ballasted deck trestles and for both E-60 and E-72 loading, are embodied in four

tables which accompany the plans.

Your committee, therefore, submits the drawings and tables Hsted below, with the

recommendation that they be adopted as recommended designs for publication in the

Manual.

Recommended Design and Details for Open Decks

Recommended Details of 4, S, and 6-Pile Bents, Open Deck Pile Trestles

Recommended Details for 4, 5, and 6-Post Bents, Open Deck Frame Trestles

Recommended Design and Details of Deck for Ballasted Deck Trestles

Recommended Details for 6 and 7-Pile or Post Bents, Ballasted Deck Trestles

Recommended Details for Multiple Story Trestles

Comparison of Unit Stresses in Open Deck Timber Trestles for Cooper E-60

Loading

Comparison of Unit Stresses in Open Deck Timber Trestles for Cooper E-72

Loading

Comparison of Unit Stresses in Ballasted Deck Trestles for Cooper E-60 Loading

Comparison of Unit Stresses in Ballasted Deck Trestles for Cooper E-72 Loading
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Your committee also recommends that all the plans for pile and frame trestles now
in the Manual as listed on page 7-37 be withdrawn with the exception of Fig. 707.

—

Design for Walks and Platforms on Open Deck Trestles, Fig. 710.—Recommended Prac-

tice for Cap-Stringer Fastenings Other Than Drift Bolts and Fig. 711.—Overhead Wood
Highway Bridge, H-IS Loading.

Report on Assignment 7

Means for Conserving Labor and Materials, Including the

Adaptation of Substitute Non-Critical Materials

G. S. Crites (chairman, subcommittee), W. A. Blackwell, L. B. Craig, J. F. Dobson,

J. P. Dunnagan, G. A. Haskins, H. T. Livingston, W. L. Peoples.

In view of War Production Board Directive No. 29 and the National Emergency

Specifications for the Design, Fabrication and Erection of Stress Grade Lumber and Its

Fastenings for Buildings, dated August 9, 1943, and made a part thereof, the following

emergency provision has been adopted for inclusion in the Manual on the recommenda-

tion of your committee:

SPECIFICATIONS FOR STRUCTURAL TIMBERS

CLASSIFICATION OF THE USES OF LUMBER AND TIMBER
UNDER AMERICAN RAILWAY ENGINEERING

ASSOCIATION SPECIFICATIONS

The Specifications for Structural Timbers and the Classification of the Uses of

Lumber and Timber Under American Railway Engineering Association Specifications are

superseded in part for the duration of the war by the National Emergency Specifications

for the Design, Fabrication and Erection of Stress Grade Lumber and Its Fastenings for

Buildings, made a part of War Production Board Directive No. 29, August 9, 1943, for

the particular uses and under the conditions prescribed therein, but the above named

specifications and classification are not superseded with respect to the use of stress grade

materials for the construction and maintenance of railroad bridges, coal and ore docks,

and other heavy railroad structures exposed to decay hazards.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1 Revision of Manual.

Progress report page 208

2. Bibliography on subjects pertaining to records and accounts.

Progress report, presented as information page 208

3. Office and drafting room practices.

No report.

4. Recommended practice to be followed with respect to maintenance of way
accounts and statistical requirements, collaborating with interested com-

mittees.

No report.

5. Construction reports and records.

No report.

6. Valuation.

(a) Resume of developments of the current year in connection with regu-

latory bodies and the courts.

Progress report, presented as information page 210

(b) ICC valuation orders, reports and records.

Progress report, presented as information page 215

7. Report upon changes in, revisions, and interpretations of ICC accounting

classifications.

Progress report, presented as information page 222

8. Methods for avoiding duphcation of reports and for simplifying and coor-

dinating work under the requirements of the ICC and other public

authorities.

Progress report, presented as information page 224

9. Records of property leased and available for lease.

No report.

AREA Bulletin 443, January 1944.
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10. Style to be used in the preparation of reports, specifications and other

documents.

No report.

11. Continue the study of means for conserving labor, including the adaptation

of substitute non-critical materials, advising the secretary currently of

recommendations that merit emergency adoption and prompt publication.

No report.

The Committee on Records and Accounts,

H. L. Restall, Chairman.

Report on Assignment 1

Revision of Manual

D. E. Field (chairman, subcommittee), F. B. Baldwin, E. V. Braden, V. H. Doyle, C. D.

Johnson, W. S. MacCuUoch, A. T. Powell, F. M. Spiegel, Louis Wolf.

Your committee submits the following report of progress as information, with the

recommendation that the subject be continued.

In cooperation with the secretary of the Association your subcommittee completed

the rearrangement and editing of Chapter 11 of the Manual, and the complete chapter,

as rearranged and edited, was printed and issued during the summer of 1943. In this

editing and rearranging of the chapter, gaps were left in page numbers to allow for

future expansion of certain subjects, and for the replacement of some material which

was temporarily withheld from the Manual because of obsolescence or other reasons,

and which will be subject to further study by the committee.

Report on Assignment 2

Bibliography on Subjects Pertaining to Records and Accounts

E. V. Braden (chairman, subcommittee), Anton Anderson, B. A. Bertenshaw, F. R.

Brunner, H. N. Halper, A. T. Hopkins, C. P. Richardson, H. J. Stroebel, A. O. Wolff.

This report is submitted as information.

The committee presents the following bibliography of subjects pertaining to railroad

records and accounts for the period November 1, 1942 to November 1, 1943.

Books

1. Uniform System of Accounts for Steam Railroads—Accounting classifications gov-

erning investment in road and equipment, operating revenues and operating expenses,

income, profit and loss, general balance sheet accounts, train miles, locomotive miles and

car miles, condensed classification of operating expenses of Class II and Class III steam

roads. Effective January 1, 1944. Prescribed by the Interstate Commerce Commission.

270 pp. Published by the Association of American Railroads, Accounting Division, Wash-

ington, 6, D. C. Loose Jeaf or bound in paper, to railroad men, 30 cents; to others 60

cents. (When printed by the commission will be available through the office of super-

intendent of documents at Washington, D. C.)

2. Interpretations of Accounting Classifications—Accounting Bulletin No. 15—pre

scribed by the ICC for steam railroads. Revised to April 1, 1943 (and)
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*'A" Case Accounting Interpretations issued by the Bureau of Accounts of the ICC.

Revised to April 1, 1943. Published, loose leaf form, by AAR, accounting division, Wash-

ington, 6, D. C. Price $1 to members of the division and their employees; $2 to others.

Complete re-issue revised to April 1, 1943. Indexed by subjects and by primary accounts.

3. Raihva}.- .Accounting Rules—Mandatory and recommendatory accounting rules

and forms including rules effective October 1, 1943 (except as noted), by the accounting

division, AAR, Washington, 6, D. C. Published by the division, 303 pp. Price to non-

members of the A.\R, $1.50; to members 75 cents.

Contains all the accounting rules and standard forms, amended or supplemented, in

accordance with the approved recommendations of the standing committees of the

accounting division as embodied in their respective reports to June 30, 1943.

4. Report of Committee on Depreciation (1943)—National Association of Railroad

and Utilities Commissioners, 7413 New Post Office Building, Washington, D. C. Printed.

277 pp. Paper cover. Price $5.

"A comprehensive report on the entire subject of depreciation in public utilities

regulation".—Foreword.

The report includes: Outline of development of depreciation principles and practices,

current concepts of depreciation, depreciable plant, depreciable base, methods of com-

puting depreciation, estimation of service life, adjustments of depreciation rates and

reserves, depreciation in income taxation, depreciation and the investor and depreciation

in rate cases. Appendix "A" contains a chronology of important decisions of the U. S.

Supreme Court on questions involving public utility depreciation, and Appendix "B"

technique of methods of computing depreciation with tables and illustrations.

Articles

1. "Leak Proof" Accounting Pays. By E. H. Bunnell, vice-president, AAR. Railway

Age, Vol. 113, No. 20, November 14, 1942, pp. 777-779.

Latest of a series of articles wherein the author broadly outlines a complete system

of accounting which has had a practical test on the railroad where he was formerly chief

accounting officer. This article rounds out the series with additional pertinent features of

the system.

2. The Base for Rate Regulation. By Lyle H. Olson. Public UtiHties Fortnightly-

January 21, 1943.

Points out the confusion resulting from poorly defined and misinterpreted terms in

regulation cases and suggests a logical public authority competent to make a major con-

tribution to the .solution to this problem.

3. Is Straight-Line Depreciation More Realistic? Opposed to sinking fund method.

By A. V. Roberts. Public Utilities, 31:207-19, February 18, 1943.

4. Court Upholding Present Fair Value for Rate Base. By O. Ely. Public Utilities,

31:432—April 1, 1943.

5. Depreciation Allowances. Economist. 144:17-18, January 2, 1943.

6. Depreciation Problem. By C. O. Fisher. Public Utilities, 31:576-7, April 29, 1943.

7. Funding Depreciation and Maintenance Reserves Under War Conditions. By

W. A. Hosmer. Harvard Business R 21 No. 3:369-84, April 1943.

8. New Depreciation Fallacy; Reserve Requirement Theory. By L. R. Nash. Public

Utilities, 30:761-74, December 3, 1942.

9. Practice in Depreciation and Amortizing Investment in Machinery and Equipment.

NACA Bulletin, 24:1109-22, Section 3, May 1, 1943.

10. Depreciation in Perspective. By H. C. Hasbrouck. American Gas Association

Monthly, 25:156-7, April 1943.
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11. Depreciation Records Are Highly Important. By A. C. Krechlin. Inland Printer,

110:38-40, January 1943.

12. Test Case Showing the Computations of Depreciation Under the Group Plan by
the Asympotitic Method. By H. G. Avery, Edison Electric Institute Bulletin, 11:75-8,

March 1943.

13. Rate Making Practices Assailed; Department of Justice Charges Price-fixing in

Violation of Sherman Antitrust Act. Railway Age, 114:1097-1100, May 29, 1943.

14. Retroactive Regulation. By L. R. Nash. Public Utilities Fortnightly, 32:333-43,

September 16, 1943.

A new policy adopted by certain commissions with respect to rate reductions and

the treatment of depreciation which produces unsatisfactory results from the standpoint

of both the utilities and the public.

15. Important Decisions of the U. S. Supreme Court effecting railroad valuation in

cases involving railroad reorganizations.

Reviewed in 1943 report of subcommittee on Assignment 6(a) to the Committee on

Records and Accounts of the American Railway Engineering Association. Published by

the AREA, Bulletin No. 443, January 1944.

Report on Assignment 6(a)

Resume of Developments o£ the Current Year in Connection with

Regulatory Bodies and the Courts

F. B. Baldwin (chairman, subcommittee), H. D. Barnes, S. H. Barnhart, B. A. Berten-
shaw, V. H. Doyle, D. E. Field, C. C. Haire, H. N. Halper, A. T. Hopkins, W. R.
Kettenring, C. A. Knowles, P. R. Leete, D. O. Lyle, O. M. Miles, H. L. Restall,

J. H. Roach, V. P. Turnburke, H. C. Wertenberger.

The work incident to the inauguration of depreciation accounting on roadway prop-

erty beginning January 1, 1943, mentioned in last year's report placed many additional

requirements on railroad valuation forces and made it imperative that any arrearage in

compiling records under Valuation Order 3 be brought up to current date as rapidly as

possible. As a consequence of this additional work and because of the difficulty of securing

additional competent help, the valuation forces of the carriers have had a most active

year.

The Interstate Commerce Commission appropriation for the fiscal year beginning

July 1, 1943, includes $600,000 for its Bureau of Valuation, a slight reduction from the

$649,927 for the previous year. On October 1, 1943, the total force of the Bureau num-
bered 160 employees.

During the year 1942, Class I railroads charged to Account 4S9, "Valuation Expenses,"

an amount of $639,201, contrasted with $615,293 for the year 1941.

The Director of the Bureau of Valuation has fixed December 31 of each calendar

year as the date for the filing of returns on BV Form 588 for the previous year. These

returns on BV Form 588 contain the details of property changes required by the Bureau

of Valuation to bring previous engineering inventories forward to new valuation dates.

The Land and Accounting Sections of the Bureau also utilize them to bring to date their

land reports and statements of original costs, respectively. As of October 1, 1943, all

Class I carriers (142) had filed 588 returns through the year 1937; 99 percent through



Records and Accounts 21_1

the year 1938; 99 percent through the year 1939; 98 percent through the year 1940;

93 percent through the year 1941; and 10 percent through the year 1942; in the aggre-

gate all carriers were approximately 96 percent* current. The Accounting Section of the

Bureau has now completed 90 percent in its iield check of these returns.

The Engineering Section of the Bureau of Valuation, having completed revised in-

ventories for all carriers through 1927, is engaged in bringing its inventories forward to

later dates, and as of October 1, 1943 had completed 79 percent through 1932; 44 percent

through 1934; 16 percent through 1936; 4 percent through 1938; or were approximately

61 percent* current. The work of the Accounting Section in bringing summaries of

original cost and that of the Land Section in revising land valuations to date has advanced

to about 57 percent* and 72 percent*, respectively.

No tentative valuations as of current dates were completed and served on railroad

companies, but, at the request of the Commission, the Bureau brought to date the under-

lying valuation estimates of carriers involved in reorganization proceedings and other

cases. Opportunity is afforded the carrier to check these estimates of original cost, the

cost of reproduction new, the cost of reproduction less depreciation, and land values, but

in only a few instances have the carriers made a check of the Bureau's findings.

Attention is again called to the fact that the continued publication by the Commis-

sion of recommended values in rate cases, as well as their underlying elements of value,

without giving carriers' due notice and time in which to review same, has caused some

apprehension as to the propriety of its procedure. While it is true that in some cases

stipulations or reservations have been entered reserving the further right to question the

figures, nevertheless such findings should be regarded as preliminary in nature and not

the findings required by the Valuation Act after due process. There are many omissions

and errors, as well as objections as to the methods and principles employed, and for this

reason some care should be exercised in the use of figures for individual roads.

Court Decisions

Another chapter in railroad valuation was written by the U. S. Supreme Court in

two decisions involving railroad reorganizations. In these decisions discussions of the

familiar phrases "Smyth vs. Ames", "prudent investment", "original cost", "reproduction

cost", and "the weight accorded thereto" are missing. Instead value is defined as a word

of many meanings, and a new phrase "value for reorganization purposes" is originated

in which earning power is the criterion of value.

The cases adjudicated were those of Ecker et al. vs. Western Pacific R.R. Corp. et al.,

(318 U.S. 448), and Group of Institutional Investors et al. vs. Chicago, Milwaukee, St.

Paul & Pacific R.R. Co., (318 U.S. 523) decided March 15, 1943. The use to be made of

the ICC valuations in reorganization proceedings together with other collateral issues

contained in the plans, was before the Court. The Court upheld the ICC which had fol-

lowed the mandate laid down in the reorganization statute restricting the weight to be

given valuation elements.

As to valuation, in the Western Pacific case, it is stated that by stipulation of the

parties the record shows the Commission's valuation under Section 19a plus Additions

and Betterments and Non-Operating property to December 31, 1938 was $150,907,623.49,

and that there was no deferred maintenance in the debtors' properties and that its facil-

ities and equipment were sufficient to handle expeditiously and efficiently all traffic rea-

sonably to be anticipated in the immediate future, and further, that the value of the

Based on 6,500,000 mile years from basic valuation dates through 1942.
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debtor's system with equipment depreciated was .'?144,978,SS9 as of December 31, 1938.

The record also contained full information as to the physical condition, the traffic, and

gross and net income of the carrier. From these factors it is stated, "there was to be

projected an estimate as to the future from which was to be drawn a present valuation

of the property and its ability to carry by its earnings a certain volume in dollars of

securities. There are no assets of significant worth which are not in active use as pro-

ducers of income."

After taking all these facts into consideration the Commission found that the value

of the property for purposes of reorganization was some $84,000,000.

The responsibilities of the Commission and of the Court under the reorganization

statute as they relate to valuation are clearly set forth. It is stated:

The power of the Court does not extend to participation in all responsibilities

of the Commission. Valuation is a function limited to the Commission, without

the necessity of approval by the Court. The first sentence of the last pargraph of

subsection (e) provides: "If it shall be necessary to determine the value of any

property for any purpose under this section, the Commission shall determine such

value and certify the same to the court in its report on the plan."

The function of valuation thus left to the Commission is the determination

of the worth of the property valued, whether stated in dollars, in securities or

otherwise. One of the primary objects of the bill was the elimination of obstructive

litigation on the issue of valuation and the form finally chosen approached as

near to that position as seemed to the draftsmen legally possible. Judicial reexami-

nation was not considered desirable. None of the findings required of the judge

under subsection (e) relate specifically to valuation. Congress apparently intended

to leave the determination of valuation "of any property for any purpose under

this section" to the Commission. The language chosen leaves to the Commission,

we think, the determination of value without the necessity of a reexamination by

the Court, when that determination is reached with material evidence to support

the conclusion and in accordance with legal standards. It leaves open the question

of whether in reaching the result the Commission had applied improper statutory

standards. * * *

In discussing the proper statutory standard of valuation under the heading of

"Method of Valuation", it is stated:

Method of valuation.—While by the terms of the statute the valuation of the

property is left to the Commission, without participation by the Court, this valua-

tion must be made in accordance with the direction of the statute and as to that

valuation is subject to judicial review. This review is limited in character by the

direction of subsection (e) that valuation shall be determined by the Commission.

The District Court may review to determine whether the Commission has fol-

lowed the statutory mandates of subsection (e). Subsection (e) requires valuations

by the Commission to be "determined on a basis which will give due consideration

to the earning power of the property, past, present, and prospective, and all other

relevant facts. In determining such value only such effect shall be given to the

present cost of reproduction new and less depreciation and original cost of the

property, and the actual investment therein, as may be required under the law of

the land, in light of its earning power and all other relevant facts." Thus, while

judicial review does not involve an independent examination into valuation, it

does require that the Court shall be satisfied, upon the record before the Commis-
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sion, with such additional evidence as may be pertinent to the objections to the

Commission's finding of value, that the statutory requirements have been followed.

* * *

The Circuit Court of Appeals found error in the Commission's failure to make

definite valuations. It was of the view that it was necessary to determine the values

of the respective claims in order to have a basis for the distribution of new assets.

This position respondents defend, at least to the point of saying that claims may
not be foreclosed or new securities allocated without a determination of the value

of the property and the assets subject to secured claims, as well as earning power.

The Commission considered the debtor's investment in its property, 230 ICC 61,

65, its value for rate making purposes, id., 76, and the record of its earnings, id.,

73 et seq., together with its volume of traffic and other pertinent data. It con-

cluded that these factors would justify fixed and contingent charges of no more

than $2,000,000 annually. In addition, the Commission's plan provided for five

percent preferred stock and common stock in such amounts that it would require

aggregate available annual earnings of a little more than $4,500,000 to permit pay-

ment of a three percent dividend. Without appraising the effect of income taxation

on the remainder of earnings available and partly used for interest, it is significant

that only three years in the period from 1922 to 1940 showed earnings available

for interest of over $4,000,000. See page 457, supra. With this data, the Commission

determined the new capital structure. See page 461, supra. Taking the lowest value

for the no par suggested by the Commission, $57 per share, note 6 supra, there is

a total value of securities of $84,000,000 plus. The Commission was thus of the

view that the value of the property for purposes of reorganization was around

this figure * * *

Consequently, we are of the opinion that the determination by the Commis-

sion of the aggregate amount of securities which may be issued against the system

is in substance a finding of the total value for reorganization purposes. In view of

the factors of value considered and the opportunity given all parties before the

Commission and the Court to present all desired evidence, the Commission's

determination stands upon a firm basis. There is no more important element in

the valuation of commercial properties than earnings. No offer was made to pro-

duce figures upon reproduction cost. It was not incumbent upon the Commission

to do so. The Commission's conclu.sions impress us as in accord with the statutory

requirements. * * *

In the Milwaukee case, in disposing of the objections raised against the exclusion of

the stockholders from the reorganization plan, the Supreme Court found that the Com-
mission had made an extensive review of the properties, business, and earnings, the trend

of revenues and expenses, and maintenance and efficiency of operation. It had also con-

sidered the original cost of the properties, the cost of reproduction new, and the cost of

reproduction less depreciation and the value for rate making purposes "each of which

was substantially in excess of the capitalization which it authorized". The Court disagreed

with the objections raised that the statutory standard of valuation contained in the bank-

ruptcy act which provides "only such effect shall be given to the present cost of repro-

duction new and less depreciation, and original cost of the property and the actual

investment therein as may be required under the law of the land in light of its earning

power and all other relevant facts", that earning power is not the primary criterion of

value and that the Commission did not give the proper weight to original cost, repro-

duction cost new and the value for rate making purposes. The Court cited a previous
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decision in connection with the reorganization of an industrial company that the "cri-

terion of earning capacity is the essential one if the enterprise is to be freed from the

heavy hand of past errors, miscalculations or disaster, and if the allocation of securities

among the various claimants is to be fair and equitable," and stated "that is equally

applicable to a railroad reorganization". Continuing the Court quoted Justice Brandeis

in a concurring opinion in the Southwestern Bell case that "value is a word of many
meanings", and stated that:

It gathers its meaning in a particular situation from the purpose for which a

valuation is being made. Thus the question in a valuation for rate making is how

much a utility will be allowed to earn. The basic question in a valuation for re-

organization purposes is how much the enterprise in all probability can earn.

Earning power was the primary test in former railroad reorganizations under equity

receivership proceedings. Tenimer vs. Denver Tramway Company, 18 F. 2d 226,

229; New York Trust Company vs. Continental & Commercial Trust & Savings

Bank, 26 F. 2d, 872, 874. The reasons why it is the appropriate test are apparent.

A basic requirement of any reorganization is the determination of a capitalization

which makes it possible not only to respect the priorities of the various classes of

claimants but also to give the new company a reasonable prospect for survival.

See Commissioner Eastman dissenting, Chicago, Milwaukee & St. Paul Reorganiza-

tion, 131 ICC 673, 705. Only "meticulous regard for earning capacity" (Consoli-

dated Rock Products Company vs. DuBois, supra, p. 525) can afford the old

security holders protection against a dilution of their priorities and can give the

new company some safeguards against the scourge of overcapitalization. Disregard

of that method of valuation can only bring, as stated by Judge Evans for the

court below, "a harvest of barren regrets". 124 F. 2d, p. 765. Certainly there is no

constitutional reason why earning power may not be utilized as the criterion for

determining value for reorganization purposes. And it is our view that Congress

when it passed Section 77 made earning power the primary criterion. The limited

extent to which Section 77 (e) provides that reproduction cost, original cost, and

actual investment may be considered indicates that (apart from doubts concerning

constitutional power to disregard them) such other valuations were not deemed

relevant under Section 77 any more than under Section 77B "except as they may
indirectly bear on earning capacity". Consolidated Rock Products Company vs.

DuBois, supra, p. 526. In this case the Commission followed the statute. While

it made earning power the primary criterion, it did not disregard the other valua-

tions. It considered them and concluded in substance that they afforded no rea-

sonable basis for believing that the probable earning power of the road was

greater than what the Commission had found it to be by the use of other stand-

ards. The Commission need not do more. * * *

In the case of the Hope, Natural Gas Company vs. Federal Power Commission et al.

the question of whether "present fair value," or "investment" and particularly investment

that does not give recognition to changes in prices, costs and other conditions—is or

shall be the basis and rule for rate making is again before the U.S. Supreme Court on a

writ of certiorari granted May 17, 1943.

The lower court (Circuit Court of Appeals, 4th Circuit) in a decision handed down

February 16, 1943, (134 Fed. 2nd 287) reversed the Federal Power Commission on its

order reducing interstate wholesale rates for natural gas produced in West Virginia and

distributed and sold to certain utilities on the ground that the FPC did not find the fair

value of the property involved on which to base its rate order and remanded the case
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to the Commission for further consideration. The petition for writ of certiorari resulted.

The lower court divided two to one, the majority rejecting any finding "in the absence

of any specific statutory authority, an investment determination that does not take into

consideration changes in price levels and costs" and "all other circumstances of the case"

observing that this utility "has been constructed over a period of 40 years during which

there had been great fluctuations in prices". The dissenting opinion relies upon the pru-

dent investment theory to the exclusion of any other theory.

The final decision of the Supreme Court is awaited with interest.

Report on Assignment 6(b)

ICC Valuation Orders, Reports and Records

F. B. Baldwin (chairman, subcommittee), H. D. Barnes, S. H. Barnhart, B. A. Berten-

shaw, V. H. Doyle, D. E. Field, C. C. Haire, H. N. Halper, A. T. Hopkins, W. R.

Kettenring, C. A. Knowles, P. R. Leete, D. O. Lyle, O. M. Miles, H. L. Restall,

J. H. Roach, V. P. Turnburke, H. C. Wertenberger.

The orders of the ICC inaugurating mandatory depreciation accounting for certain

classes of roadway property (exclusive of the track accounts) for steam railroads, became

effective January 1, 1943, using the tentative rates and depreciation base furnished by

the Bureau of Valuation. The carriers were relieved until six months after the close of

the war of the requirement to file schedules showing their estimates of service lives based

on studies and engineering judgment but were required to file a single schedule showing

the depreciation base furnished by the Bureau of Valuation brought down to the beginning

of the 1942 calendar year for each depreciable account. Under the terms of the order to

this base was to be applied the percentage rates furnished by the Bureau of Valuation

for each carrier which were determined from its analysis of the carrier's inventory and

its judgment as to probable service Uves following conferences with the carrier's engineers.

During the year consideration was given to a number of proposed changes in the

accounting classifications growing out of depreciation accounting in an endeavor to secure

greater uniformity in accounting as between carriers and to take care of problems arising

since the original orders were drafted. As a consequence, several amendments to the

accounting classifications were made effective January 1, 1944 by order of the Com-

mission.

During the year the accounting and valuation forces of the carriers had the task of

setting up depreciation accounting systems which proved to be a considerable undertak-

ing, particularly where the corporate set up of the carriers consisted of a number of

leased lines.

Simultaneously with the adoption of depreciation accounting on roadway property

for accounting purposes by all carriers, a number of carriers secured permission from the

Bureau of Internal Revenue to change from the retirement basis to the depreciation basis

for computing losses on retired road property under the regulations of the Bureau of

Internal Revenue. As a condition requisite to granting its permission, the Bureau of

Internal Revenue placed certain restrictions upon the carrier as follows:

CHANGE FROM RETIREMENT TO DEPRECIATION ACCOUNTING
FOR ROAD PROPERTY

In changing from retirement to depreciation accounting, each railroad is required

to irrevocably agree:
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1. That a reserve for accrued depreciation in accordance with one of the options

set forth below shall be set up as of the date the change in accounting method

is effective.

2. That the remaining sum to be recovered through depreciation allowances shall

be limited to the cost or other basis less the depreciation so accrued.

3. That neither the change of method nor the amount of depreciation so accrued

shall have any effect on ta.xable net income for any year ending prior to the

date of change in accounting method.

4. That the depreciation rates agreed to are subject to modification if subsequent

experience indicates that revision is necessary in order to spread the cost of the

assets over their remaining useful lives, such revision, however, not to be made

retroactive.

5. That complete depreciation accounting in accordance with all of the applicable

sections of the Internal Revenue Code and Regulations shall be adopted for

those accounts which are changed from retirement to depreciation accounting.

6. That the reserve for depreciation accrued to the date of the change from retire-

ment to depreciation accounting shall reduce accumulated earnings and profits

in the determination of invested capital for excess profits tax purposes.

In connection with condition (1) above, it is necessary to select the option and agree

upon the specific reserve for each account to be depreciated before permission is granted.

Each railroad may elect to determine its reserve by one of the following methods:

1. The accounts may be reconstructed from their beginning, or may start with

the ICC valuation, setting up as a reserve the difference between cost of repro-

duction new and cost of reproduction less accrued depreciation as determined at

the valuation date. From either starting point the capital accounts shall be carried

forward, increased by additions and decreased by retirements, except that any

increase in replacement costs or additions or betterments expensed which have been

deducted for income tax purposes may not be restored. Depreciation at rates to be

agreed upon shall be computed for all years and accrued into a depreciation reserve.

From this reserve shall be deducted the cost of normal retirements, but for retire-

ments due to casualty or special obsolescence, which would have been allowable

under depreciation accounting, only the accrued depreciation thereon shall be

deducted.

2. A reserve may be set up by multiplying the expired life of individual

structures or the weighted average ages of the accounts representing groups of

assets now in service by the depreciation rates agreed upon for these assets.

3. A reserve of 30 percent of the total depreciable road accounts at December

31, 1942, may be set up. It is to be understood that this is an overall reserve and

the total amount so computed is to be allocated to the different depreciable accounts

on a reasonable basis, such allocation to be a matter of agreement between each

railroad and the Bureau.

The basis for depreciation shall be the cost of the existing depreciable property

to the present taxpayer, determined in accordance with sections 113 and 114(a) of

the Internal Revenue Code. Property acquired prior to the date of valuation by

the ICC may be set up on the basis of such valuation in lieu of a valuation at

March 1, 1913, except that the basis of property not constructed by the present

owner but acquired by purchase subsequent to March 1, 1913, may not exceed the

actual cost thereof to the present owner. Reorganized railroads entitled to the
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basis of the predecessor company under section 142(b) (20) of the Revenue Act of

1042 shall determine the predecessor's basis in the same way.

Replacement costs and additions and betterments which have been deducted

for income tax purposes in prior years may not be restored to the capital account.

Estimated overheads must be excluded, and only actual expenditures reasonably

attributable to depreciable property may be included. This rule is applicable to the

following expenditures during construction:

Engineering

General officers and clerks

Law
Stationery and printing

Other expenditures, general

The amounts of such expenditures should be shown separately. Interest and taxes

may not be included in the depreciation basis.

The basis may include only the investment in property which is actually

depreciable. Thus excavations, dredging, expendable small tools, land improve-

ments, land surveys, etc., are not depreciable expenditures, whereas retaining walls,

drainage systems, etc., are. Donated property or contributions or grants in aid of

construction from any source must be excluded.

Exhibit A shows a suggested breakdown of the primary accounts for the pur-

pose of determining depreciation rates and expired lives and reserves. This group-

ing need not be rigidly followed if other groupings are more convenient. However,

a logical breakdown for determining useful lives should be prepared.

In view of the fact that it will be impossible for the Bureau to make a

detailed investigation of the depreciation basis, the permission letter includes a

mutual understanding that the basis may be corrected to conform to the allowable

basis under the Internal Revenue Code should subsequent investigation disclose

errors of cost or valuation. In the event of such correction the accrued deprecia-

tion would be appropriately adjusted, but no retroactive adjustment will be made

for the depreciation which may have been allowed subsequent to the date of the

change in accounting method.

Depreciation will ordinarily be computed by primary accounts on the basis

of a composite overall depreciation rate determined from a consideration of the

principal structural elements and important separate structures within the account.

A single reserve will be set up for each primary account, and all normal retire-

ments charged against this reserve. If a taxpayer desires to maintain sub-accounts

with separate reserves on the basis of the groupings used in determining the com-

ponent rates and expired lives from which the primary account rate and starting

reserve is computed, he may do so. However, the overall composite rate and de-

preciation reserve by primary accounts will be controlling for income tax purposes,

and this rate will be subject to revision whenever there is a substantial change in

the type of structures or equipment included within the account, or subsequent

experience indicates a revision is necessary in order to spread the cost of the

assets over their remaining useful lives.

The taxpayer should proceed to prepare a statement of the basis for depre-

ciation at the date of changeover, in accordance with the above instructions. The

normal useful lives, expired lives and estimated net salvage should be stated for

each of the groups within the accounts. Careful consideration should be given to

the determination of normal useful lives, which must be reasonable in the light

of past experience and future prospects.
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In the determination of expired lives or weighted average ages of accounts

for the purpose of allocating the 30 percent reserve under Option (3), above, ex-

treme refinement is unnecessary. Ordinarily the age of 90 percent of the invest-

ment in the account, determined with reasonable accuracy, is sufficient for this

purpose. If Option (2) is elected, much greater accuracy in the determination of

the age of an account is required.

A schedule by primary accounts broken down into groups along the lines

suggested above should be prepared, (see Depreciation Study of Road Accounts

on the insert), showing for each group the investment, estimated net salvage, the

expired life (or weighted average age), and the taxpayer's estimate of the average

normal useful life. These schedules should be submitted in duplicate to the Com
missioner of Internal Revenue, marked with the symbols IT:EV:PU. After receipt

and consideration by the Bureau the taxpayer will be informed by letter of the

position of this office with respect to the useful lives and salvage values claimed

and the further steps necessary to the completion of the depreciation schedules,

or a conference will be arranged for the discussion of these questions.

If depreciation is claimed on any property under lease, whether as lessor or

lessee, and regardless of whether or not the other party to the lease is owned or

controlled by the applicant railroad, complete copies of the leases covering such

property should be filed.

Exhibit A.

—

Tentative Road Asset Groupings For Railroads

Account VA—Other R/W Expenditures

Masonry (see Acct. 3)

Steel (see superstructures, Acct. 6)

Pipe (see drainage, Acct. 3)

Paving (see Acct. 16)

Account 3

—

Grading

Rock-filled timber cribs

Riprap, large stone

Riprap, small stone

Slag and cinder mats

Retaining walls and foundations:

Stone masonry

Plain concrete

Reinforced concrete

Brick

Rubble, in mortar

Rubble, dry

Piling: Steel

Concrete

Treated timber

Untreated timber

Drainage: Cast iron pipe

Concrete pipe

Corrugated iron pipe

Vitrified clay pipe

Wood box

Account S—Tunnels and Subways

Tunnel lining and portals:

Stone masonry

Plain concrete

Gunite concrete

Reinf. concrete

Brick

Treated timber

Untreated timber

Ventilation system

Drainage (see Acct. 3)

Account 6

—

Bridges, Trestles and

Culverts

(Large structures should be segregated)

Substructures (see retaining walls, Acct. 3)

Superstructures: Girders

I-Beams

Trusses

Draw bridges

Concrete slabs

Trestles: Steel

Concrete

Treated timber

Untreated timber

Arches (see retaining walls, Acct. 3)

Culverts (see drainage, Acct. 3)
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Account 6

—

Bridges, Trestles and

Culverts, Cont'd

Signs: Wood
Metal

Concrete

Account 7

—

Elevated Structures

Substructures (see retaining walls, Acct. 3)

Superstructures (see Acct. 6)

Account 13 — Fences, Snowsheds and

Signs

Fences (separate by kind)

Snowsheds: Timber

Other

Signs (see Acct. 6)

Account 16

—

Station and Office Build-

ings

(Large buildings should be segregated)

Buildings: Stone masonry

Brick and concrete

Terra cotta

Large frame

Small frame

Corrugated iron

Steel

Frame sheds

Carbodies

Retaining walls (see Acct. 3)

Train sheds (describe)

Canopies

Platforms: Concrete

Asphalt

Wood
Ice houses (see buildings, Acct. 16)

Stock pens

Subways (see retaining walls, Acct. 3)

Trestles (see Acct. 6)

Coal pockets (see trestles, Acct. 6)

Elevated tanks (see Acct. 18)

Fuel tanks: Underground

On piers

Pipe lines (see Acct. 20)

Scales: Track

Wagon
Platform

Paving and surfacing:

Concrete

Brick

Account 16

—

Station and Office Build-

ings, Cont'd

Asphalt

Wood block

Macadam
Gravel

Cinders

Cranes and derricks (state kind)

Machinery

Furniture and fixtures

Miscellaneous

Account 17

—

Roadway Buildings

(see Acct. 16)

Account 18

—

Water Stations

Wood tank: on Stone or concrete

on Steel tower

on Wood tower

Steel tank: on Stone or concrete

on Steel tower

on Wood tower

Water treating equipment

Machinery

Buildings (see Acct. 16)

Wells, dams, and reservoirs

Water columns

Pipe lines (see Acct. 20)

Account 19

—

Fuel Stations

Trestle type: Steel

Concrete

Treated timber

Untreated timber

Mechanical type: Steel

Concrete

Treated timber

Untreated timber

Machinery

Coal bins, timber

Coaling platforms

Fuel oil tanks: Large

Small

Account 20—Shops and Enginehouses

Buildings (see Acct. 16)

Scales (see Acct. 16)

Pits: Concrete

Brick

Timber
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Account 20

—

Shops and Enginehouses,

Confd

Pipe lines: Cast iron

Wrought iron

Galvanized

Black

Steel

Turntables

Transfer tables

Platforms (see Acct. 16)

Mechanical equipment

Paving (see Acct. 16)

Furniture

Miscellaneous

Account 21

—

Grain Elevators

Buildings (see Acct. 16)

Mechanical equipment

Electrical equipment

Paving (see Acct. 16)

Account 22

—

Storage Warehouses

Buildings (see Acct. 16)

Machinery

Paving (see Acct. 16)

Account 23

—

Wharves and Docks

Bulkheads: Steel

Stone

Concrete

Treated timber

Untreated timber

Cribbing, rock-fill

Piers : Steel

Stone

Concrete

Treated timber

Untreated timber

Docks: Concrete on wood piles

Steel

Treated timber

Untreated timber

Transfer bridges: Steel

Treated timber

Untreated timber

Ferry racks and slips

Pipe lines (see Acct. 20)

Beacons

Machinery

Miscellaneous

Account 24

—

Coal and Ore Wharves

Buildings (see Acct. 16)

Other items (see Acct. 2i)

Account 26

—

Telegraph and Telephone

Lines

Pole lines: Concrete

Steel

Treated

Butt treated

Untreated

Wire: Copper

Iron

Other

Cable: Aerial

Underground

Submarine

Conduits: Vitreous clay in concrete

Metal or fiber in concrete

Wood, fiber, etc. in earth

Manholes

Office equipment

Miscellaneous

Account 27

—

Signals and Interlockers

Buildings (see Acct. 16)

Interlockers: Mechanical

Electropneumatic

Pneumatic

Electric

Automatic signals

Centralized train control

Automatic block & colored light systems

Train order signals

Battery wells and houses

Signal bridges

Crossing gates

Crossing signals

Annunciators

Car retarders

Poles (see Acct. 26)

Wire (see Acct. 26)

Ducts

Miscellaneous

Account 29—Power Plants

Buildings (see Acct. 16)

Stacks: Brick

Steel

Concrete
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Account 29

—

Power Plants, Cont'd

Coal trestles (see trestles, Acct. 6)

Pipe lines (see Acct. 20)

Pits (kind)

Power dams and canals

Miscellaneous

Account 31

—

Power Transmission Sys-

tems

Pipe lines (see Acct. 20)

Pole lines (see Acct. 26)

Wire (see Acct. 26)

Cable (see Acct. 26)

Conduits (see Acct. 26)

Manholes

Transformers

Third rail

Towers, steel

Miscellaneous

Account 35

—

Miscellaneous Structures

Buildings (see Acct. 16)

Trestles (see Acct. 6)

Flood lights

Other items (see Acct. 16)

Account 37

—

Roadway Machines

Cars: Hand
Push

Account 37

—

Roadway Machines, Cont'd

Motor

Speeders

Crane

Concrete mixers

Ditchers

Pile drivers

Rail layers

Weed burners

Sprayers

Auto inspection cars

Account 39

—

Public Improvements, Con-

struction

Overhead bridges: Masonry (see Acct. 3)

Steel (see Acct. 6)

Pipe (see Acct. 20)

Timber (see Acct. 6)

Lighting

Paving (see Acct. 16)

Account 44

—

Shop Machinery

(To be grouped by assets having similar

service lives)

Account 45

—

Power Plant Machinery

(see Acct. 44)

From information reaching the committee, it is understood that practically all rail-

roads constructed many years ago accepted Option 3, above described.

The requirements of the Bureau of Internal Revenue (see letters from the Commis-

sioner of Internal Revenue addressed to the AAR dated October 24, 1942, December 9,

1942, and March 6, 1943) were such that much detailed work was required to prepare

property schedules showing estimated amounts of past accrued depreciation as of the

date of the changeover and of substantiating the current annual rates to be used. While

of necessity each carrier was required to negotiate its own case, on a number of impor-

tant questions various committees of railroad representatives have been engaged in pre-

senting the industry viewpoint to congressional committees and the Bureau of Internal

Revenue. Whatever the outcome of these negotiations may be as to overall problems

much work remains to be done to simplify the procedures for handling depreciation as

it is encountered in both income taxes and in corporate accounting, as the different

requirements of the ICC and the Bureau of Internal Revenue in many cases entail the

keeping of two sets of records.
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Report on Assignment 7

Report Upon Changes In, Revisions, and Interpretations of

ICC Accounting Classifications

H. D. Barnes (chairman, subcommittee), F. B. Baldwin, S. H. Barnhart, W. C. Bolin,

C. C. Haire, J. H. Hande, W. R. Kettenring, C. A. Knowles, P. R. Leete, W. M.
Ludolph, W. S. McFetridge, O. M. Miles, H. L. Restall, C. P. Richardson, J. H.
Roach, V. P. Turnburke.

This report is submitted as information with the recommendation that the subject

be continued.

In accordance with the plan which has been followed for several years your com-

mittee has reviewed the proposed accounting orders and rulings of the Bureau of

Accounts, ICC, submitted to it by Mr. E. H. Bunnell, vice-president, AAR, and has

furnished summaries of the opinions of the members of the committee for the following

subjects:

ICC Bureau
of Accounts
Subject No. Subject

337 Proposed order modifying Section 2 "cost" of the General Instructions in

the Classification of Investment in Road and Equipment.

338 Proposed order modifying General Instructions in Classification of Invest-

ment in Road and Equipment by changes in the "Minimum rule" relating

to property changes.

339 Proposed "A" case covering accounting for depreciation of carrier property
classified by the ICC Bureau of Valuation as "Owned but not used".

340 Proposed order creating a new account in the Classification of Operating
Expenses entitled 267 "Abandonments—non-depreciable road property".

346 Proposed order creating a General Account III in the Classification of

Investment in Road and Equipment.

The ICC has issued the following orders of interest to engineers since this committee's

last report (Proceedings, Vol. 44, 1943, pages 396 to 398).

Order dated December 16, 1942, effective January 1, 1943, modifying the "Minimum
rule" in the General Instructions of the Classification of Investment in Road and

Equipment, and prescribing that engineering and certain other expenses in connection

with improvements chargeable to account 39, Public improvements—Construction,

be charged to that account.

Order dated July 28, 1943, postponing the effective date of the depreciation orders dated

June 8, 1942 to January 1, 194S for Class II and III steam roads.

Order dated August 31, 1943, effective January 1, 1944, creating a new account in the

Classification of Operating Expenses entitled, "267—Retirements—Road", to which

the service loss in connection with the retirement of non-depreciable property will be

charged instead of to the repair account, and providing for the allocation of general

expenditures to certain primary investment accounts in the case of property acquired

through purchase, reorganization, etc.

In addition to these orders the Bureau of Accounts has released the following new
and revised rulings:
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Issued January 1, 1943

Case A-3 Revised in terminology only.

Case A-4 Revised in terminology only.

Case A-6 Revised in terminology only.

Case A-13 Revised to conform to changes in accounting classification.

Case A-4S Canceled.

Case A-49 Revision in terminology only.

Case A-50 Revision in terminology only.

Case A-S7 Revised to conform to changes in accounting classification.

Case A-77 Revised to conform to changes in accounting classification.

Case A-80 Revision in terminology.

Case A-8S Revision in terminology.

Case A-94 Revision in terminology.

Case A-101 Revision in terminology.

Case A-IOS Revision in terminology.

Case A-108 Revision in terminology.

Case A-109 Revision in terminology.

Case A-110 Revision in terminology.

Case A-120 Canceled.

Case A-127 Revised in terminology.

Case A-129 Accounting for taxes on joint facilities revised.

Case A-136 Revision in terminology.

Case A-145 Canceled.

Case A-149 Revised in terminology.

Case A-1S6 Canceled.

Case A-157 Revised in terminology.

Case .^-164 Revised to conform to changes in accounting classification.

Case A-166 Revised in terminology.

Issued January 1, 1943

Case A-164 Revised to correct typographical errors.

Issued March 1, 1943

Case A-172 Accounting for excess profits ta.xes payable.

Issued June 15, 1943, effective July 1, 1943

Case A-S—Revised Canceled.

Case A-173 Provides that the cost of portions of buildings and other structures

classified by the Bureau of Valuation as "Owned but not Used" should

be included in the depreciation base.

The AAR reprinted the accounting classification and the loose-leaf publication of

Accounting Bulletin IS and the "A" case accounting classifications, revised to January 1,

1943, and April 1, 1943, respectively.
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Report on Assignment 8

Methods for Avoiding Duplication o£ Reports and for Simplifying

and Coordinating Work Under the Requirements of the

ICC and Other Public Authorities

C. A. Knowles (chairman, subcommittee), Anton Anderson, W. C. Bolin, F. R. Brunner,

J. H. Hande, C. D. Johnson, W. M. Ludolph, D. O. Lyle, W. S. MacCulloch, W. S.

McFetridge, A. T. Powell, F. M. Spiegel, H. J. Stroebel, H. C. Wertenberger, Louis

Wolf.

This report is submitted as information with the recommendation that the subject

be continued.

For a number of years the Association of American Railroads has campaigned in an

endeavor to reduce the increasing number of governmental reports required from rail-

roads, and representations have been made to a number of the bureaus with varying

degrees of success. With the acute shortage of manpower caused by the war, it was

believed that the time was opportune for further effort in this direction, and at the same

time to review the reports and statistics maintained for managerial purposes with the

thought that if certain reports no longer essential for managerial purposes at this time

are eliminated, then a greater degree of success might be obtained in dealing with govern-

mental departments. Accordingly, during the year 1942 a joint committee was organized

by the Association consisting of the following:

Operating-Transportation Division: R. K. McClain, assistant vice-president, Southern

Railway; C. A. Knowles, assistant to vice-president, Chesapeake & Ohio Railway; J. A.

Lockard, supervisor of motive power expenditures, Pennsylvania Railroad.

Construction and Maintenance Section (AREA) : C. A. Knowles, assistant to vice-

president, Chesapeake & Ohio Railway; Purchases and Stores Division: W. J. Farrell,

executive vice-chairman. Purchases and Stores Division, AAR; O. A. Donagan, general

storekeeper, Boston & Maine Railroad.

Accounting Division: J. F. Blair, auditor of expenditures, Chicago, Burlington &

Quincy Railroad, J. P. McDonald, general statistician, Atchison, Topeka & Santa Fe

Railway; B. H. Moore, assistant to vice-president. Finance, Accounting, Taxation and

Valuation Department, AAR.

Committee 11—Records and Accounts, in response to a request, participated in a

review and made an investigation in respect of all engineering and valuation data. It will

also be noted that one of the three appointees of the Operating-Transportation Division

is a member of the AREA and that the AREA member is the chairman of your sub-

committee.

One of the first objectives of the joint committee is to devise a set of basic statements

which will satisfy the minimum requirements of management for statistical information

necessary in the efficient operation of railroad properties.

As the investigation and review above outlined is now under way, no report other

than progress can be made at this time.
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J. J. Yates
Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Report on recommended revisions has been included under Assignment 8. . . page 227

2. Specifications and principles of design of plain and reinforced concrete for

use in railway bridges, buildings and culverts, collaborating with Committees

1—Roadway and Ballast, 5—Track, 6—Buildings, 7—Wood Bridges and

Trestles, 13—Water Service, Fire Protection and Sanitation, and IS—Iron

and Steel Structures.

No report.

3. Progress in the science and art of concrete manufacture.

No report.

4. Specifications for foundations, including excavation, cofferdam, piling, etc.,

collaborating with Committee 1—Roadway and Ballast, on soil mechanics,

and with Committee 7—Wood Bridges and Trestles, on bearing power of

wood piles and pile driving.

No report.

5. Methods and practices of lining and relining tunnels, collaborating with

Committee 1—Roadway and Ballast.

No report.

6. Bibliography and review of current engineering literature pertaining to rail-

road masonry work.

Progress report, presented as information page 226

7. Pressure grouting.

No report.

AREA Bulletin 443, January 1944.

225
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8. Specifications for concrete and reinforced concrete railroad bridges and other

structures.

Progress report, including specifications submitted for adoption, as a revision

of the Manual page 227

9. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

Progress report page 252

The Committee on Masonry,

A. N. Laird, Chairman.

Report on Assignment 6

Bibliography and Review of Current Engineering Literature

Pertaining to Railroad Masonry Work

Maurice Coburn (chairman, subcommittee), H. E. Burr, F. W. Capp, A. B. Chapman,
R. L. Mays, C. B. Porter.

Your committee commends as a valuable reference work, the ASTM publication,

"Report on Significance of Tests of Concrete and Concrete Aggregates", Second Edition,

1943.

This report consists of 22 papers written by members of the ASTM who are leaders

in the study of concrete. The discussions cover a wider field than the title would indicate

and it is believed that this publicaton will be valuable as a reference. The introduction

by the late A. N. Talbot is that presented in the first edition.

The following list of titles and authors indicates the scope of the report:

Tests for Concrete

Compressive strength by Lyse (Litehiser)

Tensile and flexural Goldbeck
Shearing and torsional Richart
Elastic properties Teller

Durability Scholer

Wear resistance Tuthill and Blanks
Workability Powers
Volume changes and plastic flow Davis and Kelly

Cement concrete Kriege

Uniformity Bertin

Permeability and absorption Withey
Density and unit weight Swayze
Curing Kellermann

Tests for Aggregates

Size, shape, surface texture and grading by Gilkey
Specific gravity, unit weight and voids Hubbard
Soundness Walker
Abrasion tests Clemmer
Free moisture and absorption Meyers
Deleterious substances Lang
Mortar strength Jackson
Mineral composition Kriege
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Report on Assignment 8

Specifications for Concrete and Reinforced Concrete Railroad

Bridges and Other Structures

C. H. Splitstone (chairman, subcommittee), A. B. Chapman, G. H. Dayett, H. A. Disc,

Theodore Doll, Meyer Hirschthal, A. C. Irwin, J. E. Kalinka, J. A. Lahmer, J. F.

Leonard, C. P. Marsh, J. L. Rippey, G. E. Robinson, C. P. Schantz, J. H. Shieber,

L. I. Stone, Jamison Vawter, J. J. Yates.

In 1942 your committee presented as information a tentative draft of Specifications

for Concrete and Reinforced Concrete Railroad Bridges and Other Structures (Proceed-

ings, Vol. 43, pages 337-355). During the ensuing year numerous revisions were made.

In 1943 those sections which had undergone basic revisions were submitted in revised

form as information (Vol. 44, pages 425-431).

These specifications, with minor revisions, are now sulbmitled with the recommenda-

tion that they be adopted for publication in the Manual, displacing the matter now in

the Manual on pages 8-1 to 8-4.1, inclusive, on pages 8-21 to 8-34.1, inclusive, and on

pages 8-115 and 8-116.

SPECIFICATIONS FOR CONCRETE AND REINFORCED CONCRETE
RAILROAD BRIDGES- AND OTHER STRUCTURES

101. Definition

Concrete is an intimate mixture of cement, aggregates and water of the qualities

herein specified. It shall be proportioned, mixed, transported, placed and cured by the

methods herein specified.

I MATERIALS
102. General

Materials which will give uniform character and color to each structure shall be used.

AGGREGATES
103. Sampling and Testing

Representative samples shall be selected and sent to the testing laboratory at fre-

quent intervals as directed by the Engineer. Aggregates may not be used until the

samples have been approved by the designated laboratory as being in conformity with

the following requirements and their use authorized by the Engineer.

Sampling and testing shall be in accordance with the following standard methods

of the American Society for Testing Materials:*

(a) Sampling Designation D 75

(b) Sieve Analysis " C 136

(c) Weight of Aggregates " C 29

(d) Resistance to Abrasion " C 131

(e) Soundness " C 88

(f ) Material Passing No. 200 Sieve " C 1 1

7

• Note.—Wherever, in these specifications, reference is made to standards of the American Society

for Testing Materials, the number indicating the year of issue is intentionally omitted from the ASTM
designation. For designations, including the year of issue, of latest ASTM standards having AREA
approval, see Appendix A.
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(g) Mortar Strength Designation C 87

(h) Organic Impurities " C 40

(i) Combustible and Volatile Materials " D 271

(j) Slump Test " C 143

(k) Coal and Lignite " C 123

The fineness modulus of an aggregate is the sum of the percentage coarser than each

sieve divided by 100, using the following standard sieve sizes: No. 100, No. 50, No. 30,

No. 16, No. 8, No. 4, H inch, ^4 in^^h, IJ/2 inch, 3 inch.

104. Soundness

The aggregates when subjected to five alternations of the sodium-sulfate soundness

tests shall show an average loss of weight of not more than 8 percent for fine aggregate

and 12 percent for coarse aggregate.

Fine Aggregate

105. General

Fine aggregate shall consist of natural sand or, subject to the approval of the

Engineer, other inert materials with similar characteristics.

106. Grading

Fine aggregate shall be graded from coarse to fine within the limits shown in the

following table:

Total Passing—Percentage by Weight
Natural Sand Manufactured Sand

Sieve Size Minimum Maximum Minimum Maximum

34 inch 100

No. 4 95 100 100

No. 8 .. 90 100

No. 16 45 80 SO 75

No. 30 .

.

30 50

No. SO 10 30 10 30

No. 100 8 3 10

For walls and other locations where smooth surfaces are desired, the fine aggreRate

shall be graded within the limits shown in the table above except that not less than

15 percent shall pass the No. 50 sieve and not less than 3 percent shall pass the No. 100

sieve.

107. Uniformity

For the purpose of obtaining uniformity of grading of fine aggregate in different

shipments from any one source, a preliminary sample shall be submitted at least 10 days

prior to actual deliveries. This sample shall be representative of the material which it is

proposed to furnish. Any shipment of fine aggregates made during the progress of the

work which, although meeting the grading requirements of Section 106, shows a variation

in fineness modulus greater than 0.20 either way from the fineness modulus of the pre-

liminary sample shall be rejected or, at the option of the Engineer, may be accepted

subject to such changes in concrete proportions as may be necessary by reason of failure

to comply with the requirements of this Section.

108. Deleterious Substances

The amount of deleterious substances shall not exceed the following limits:
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Recommended Maximum
Permissible Permissible

Limits Limits
Percent by Weight Percent by Weight

Clay lumps 1 1 .5

Coal and lignite 0.25 1

Material finer than No. 200 Sieve:

(a) In concrete subject to surface abrasion . . 2 3

(b) All other classes of concrete 3 S

Other deleterious substances

(As may be specified)

109. Organic Impurities

The fine aggregate when tested in accordance with the colorometric method of test

for organic impurities shall show a color not darker than the standard color unless the

material complies with the mortar strength test specified in Section 110.

110. Mortar Strength

Fine aggregate shall be of such quality that when made into a mortar and sub-

jected to the mortar strength test in accordance with the ASTM Standard Method of

Test for Structural Strength of Fine Aggregate, Using Constant Water-Cement-Ratio

Mortar, it shall develop a compressive strength of not less than that developed by a

mortar prepared in the same manner with the same cement and Ottawa sand graded

as specified in ASTM C 109, when tested at an age of seven days when Type I or Type

II Portland cement is used and three days when Type III Portland cement is used.

Coarse Aggregate

111. General

Coarse aggregate shall consist of crushed stone, gravel, crushed slag, or, subject to the

approval of the Engineer, other inert materials with similar characteristics, or combina-

tions thereof, having hard, strong, durable pieces, free from adherent coatings and shall

conform to the requirements of this specification.

Crushed slag shall be air cooled, blast furnace slag and shall weigh not less than

70 pounds per cubic foot. It shall be obtained only from sources approved by the Engi-

neer, and shall have been seasoned in the bank or pile for at least 1 year unless, in the

opinion of the Engineer, a shorter period is sufficient.

112. Grading

Coarse aggregate shall be well graded, between the limits specified, and the size or

sizes designated shall conform to the following requirements:

Desig-
nated
Sizes
Inches
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A given coarse aggregate shall be designated as an aggregate of the maximum size of

the opening of the sieve in the table next larger than that on which more than 5 percent

is retained.

The maximum size aggregate shall be not larger than one-fifth of the narrowest

dimension between forms of the member for which the concrete is used, nor larger than

one-half of the minimum clear space between reinforcing bars.

113. Deleterious Substances

Deleterious substances shall not be present in excess of the following amounts:

Permissible Limits

Percent by Weight
Recommended Maximum

Soft fragments
Coal and lignite

Clay lumps
Material finer than No. 200 sieve

Other deleterious substances (such as alkali, friable,

thin, elongated, or laminated pieces)

2
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117. Cyclopean Aggregate

Cyclopean aggregate shall consist of clean, hard, durable stone or gravel with

individual pieces weighing more than 100 pounds.

MIXING WATER
118. General

Water for concrete shall be clean and free from injurious amounts of oil, acid,

alkali, organic matter, or other deleterious substances.

119. Mortar Strength

When subjected to the mortar strength test, the strength, at 28 days, of mortar

specimens made with the water under examination and Type I or Type II Portland

cement shall be not less than 90 percent of the strength of similar specimens made with

the same cement and with water of known satisfactory quality.

METAL REINFORCEMENT
120. General

Metal reinforcement shall include plain and deformed steel bars and cold drawn

steel wire or fabricated forms of these materials.

121. Quality

All steel bars used for reinforcement shall be of structural or intermediate grade

billet-steel except for structures where all the steel bars are used for temperature re-

inforcement and do not carry calculated stresses, in which case rail or axle steel may be

used. The materials shall conform in quahty to the standard ASTM specifications of the

following applicable titles and serial designations:

Bars

:

Specifications for Billet-Steel Bars for Concrete Reinforcement A IS

Specifications for Rail-Steel Bars for Concrete Reinforcement A 16

Specifications for Axle-Steel Bars for Concrete Reinforcement A 160

Wire:

Specifications for Cold-Drawn Steel Wire for Concrete Reinforcement A 82

Fabricated Materials:

Specifications for Fabricated Steel Bar or Rod Mats for Concrete Reinforce-

ment A 184

Specifications for Welded Steel Wire Fabric for Concrete Reinforcement A 185

When cast iron or structural steel sections are used, as in composite or combina-

tion columns, these materials shall conform in quality to the standard ASTM specifica-

tions of the following appUcable titles and serial designations:

Specifications for Cast-iron Pit-Cast Pipe for Water and Other Liquids A 44

Specifications for Steel for Bridges and Buildings A 7

122. Deformed Bars

An approved deformed bar shall be one that will develop a bond at least 25 per-

cent greater than that of a plain round bar of equivalent cross-sectional area. The

minimum area of deformed bars shall be not less than that of plain bars of same

nominal dimensions.



232 Masonry

123. Size of Bars

Reinforcing bars shall have minimum section areas not less than shown in the

following table, and the unit weights shown in this table shall be used in computing

weights:

Sizes and Areas of Reinforcing Bars

Size of Bar

Inches

X2

H
Vs

1

Round Bars
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The mixing water shall be measured by volume or by weight. The water-measuring

device shall be susceptible to control accurate to plus or minus Yz percent. All measuring

devices shall be subject to approval by the Engineer.

Where volumetric measurements are authorized by the Engineer, the weight pro-

portions shall be converted to equivalent volumetric proportions. In making this con-

version, suitable allowance shall be made for variations in the moisture condition of the

aggregates, including the bulking effect in the fine aggregate.
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203. Water Cement Ratio

The proportioning of materials shall be based on the requirements for a plastic and

workable mix suited to the conditions of placement containing not more than the

specified amount of water, including the free water contained in the aggregate, per

94-pound sack of cement. The maximum specified amount of water shall not exceed the

quantities shown in Table I for the type of structure and the condition of exposure

to which it will be subjected. Moisture in the aggregate shall be measured by methods

satisfactory to the Engineer.

Free water content of the aggregates is included in the quantities specified and must

be deducted from the amounts given in the table to determine the amount to be added

at the mixer. Allowance may be made for absorption when aggregates are not saturated.

204. Assumed Strength of Concrete Mixtures

Concrete made with Type I or Type II Portland cement with the quantities of

water as specified in Section 203 is assumed to have the following minimum compressive

strength at the age of 2S days:

Total Water Assumed Minimum Compressive

U. S. Gallons per Strength at the Age of 28 Days
94-Pound Sack of Cement Pounds Per Square Inch

lYz 2,500

7 2,750

tYi 3,000

6 3,300

SH 3,700

5 4,250

The above values are based on the use of cement and aggregates meeting the

requirements of these specifications and the concrete being sufficiently protected from

loss of moisture and from low temperatures to insure that proper hardening will develop.

When Type III Portland cement is used in lieu of Type I or Type II Portland cement,

it is assumed the above values for compressive strength will be obtained at the age of

7 days.

The strength of cylinders made with Type I or Type II Portland cement and tested

at the age of 7 days should not fall below 65 percent of the assumed minimum com-

pressive strength at the age of 28 days. The strength of cylinders made with Type III

Portland cement and tested at the age of 3 days should not fall below 65 percent of the

assumed minimum compressive strength at the age of 28 days shown for Type I and

Type II Portland cement.

205. Workability

The concrete shall be of such consistency and composition that it can be worked

readily into the corners and angles of the forms and around the reinforcement without

the segregation of materials or the collection of free water on the surface. Subject to

the limiting requirements of Section 203 the contractor shall, if the Engineer requires,

adjust the proportions of cement and aggregates so as to produce a mixture which will

be easily placeable at all times, due consideration being given to the methods of placing

and compacting used on the work.

206. Slump

The slump test may be used as a control measure to maintain the consistency suitable

to the work. When mechanical vibrators are used to compact the concrete, the con-

sistency suitable to that method shall be used.
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207. Water Gain

Water gain is characterized by an accumulation of water at the surface. Whenever

water gain appears in the concrete poured, the succeeding batches must be placed suffi-

ciently dry to correct the over wet condition by the reduction of the amount of water

per bag of cement, without changing the proportions of the other ingredients.

208. Compression Tests

Specimens for compression tests shall be made and stored in accordance with the

ASTM Standard Method of Making and Storing Compression Test Specimens of Con-

crete in the Field (Serial Designation C 31). These specimens shall be tested in accord-

ance with ASTM Standard Method of Test for Compressive Strength of Concrete (Serial

Designation C 30)

.

STORAGE OF MATERIALS
209. Cement

Cement dehvered in cars must be promptly stored in houses and the cars released.

Cement shall be stored in a weather tight structure with the floor raised not less than

one foot from the ground. If in bags it shall be piled in such a manner as to permit

easy access for proper inspection and identification of each shipment. If in bulk it shall

be stored in weather tight bins and for the proportioning of batches it shall be weighed

rather than measured by volume. All cement shall be subject at any time to retest. If

under retest it fails to meet any of the requirements of the specifications it will be

rejected and shall be promptly removed from the site of the work by the contractor.

Where the Railroad Company furnishes the cement and the injury is due to negli-

gence on the part of the contractor to properly care for it, the cost of such cement shall

be charged to the contractor. The contractor shall clean, bundle and load for shipment

all empty cloth cement bags and the cost of this shall be included in the price per cubic

yard for concrete. The contractor shall reimburse the Railroad Company for all cloth

bags which he fails to prepare for shipment.

210. Aggregates

Fine and coarse aggregates shall be stored separately and in such manner as to

avoid the inclusion of dirt and other foreign material in the concrete. Aggregates shall

be unloaded and piled in such manner as to maintain the uniform grading of the sizes.

Stock piles of coarse aggregates shall be built in horizontal layers to avoid segregation.

Crushed slag shall be wet down when necessary to insure not less than 3 percent

moisture content.

211. Steel Reinforcement

Steel reinforcement shall be stored in racks in such a manner as to avoid contact

with the ground. If steel is to remain in storage on the site for more than one month

it shall be covered to protect it from weather. If steel accumulates rust and scale during

storage it shall be cleaned before being used. Severe deterioration of this kind may be a

basis for rejection.

FORMS
212. General

Forms shall conform to the shape, Hnes and dimensions of the concrete as called

for on the plans. Forms shall be of wood, steel or other approved material. They shall
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be of a type, size, shape, quality and strength that will produce true, smooth lines and

surfaces in accordance with the plans. Lumber in forms for exposed surfaces shall be

dressed to uniform thickness. Undressed lumber may be used in forms for unexposed

surfaces. Forms may be omitted for foundation concrete if in the opinion of the Engineer

the sides of the excavation are sufficiently firm so that the concrete may be thoroughly

rammed without causing the adjacent earth to yield; in which case the actual dimen-

sions of the excavation shall be slightly greater than the plan dimensions of the founda-

tions so as to insure design requirements.

213. Construction

Forms shall be constructed mortar tight and shall be made sufficiently rigid by the

use of ties and bracing to prevent displacement or sagging between supports and to with-

stand the pressure, ramming, and vibration without deflection from the prescribed lines

during and after placing of the concrete.

Joints in forms shall be horizontal or vertical and suitable devices shall be used to

hold adjacent edges together in accurate alinement.

All forms shall be so constructed that they can be removed without hammering or

prying against the concrete.

Bolts and rods preferably shall be used for internal ties; they shall be so arranged

that when the forms are removed no metal shall be within 1 inch of any surface.

Any material once used in forms shall be thoroughly cleaned before being used again,

and forms which have been used repeatedly and are not acceptable to the Engineer for

further use shall be discarded or satisfactorily repaired.

In the case of long spans where no intermediate supports are possible, the probable

deflection in the forms due to the weight of the fresh concrete shall be compensated for

so that the finished members shall conform accurately to the desired line and grade.

If adequate foundation for shores cannot be secured, truss supports shall be provided.

Shores supporting successive stories shall be placed directly over those below, or so

designed and placed that the load will be transmitted directly to them.

214. Moldings

Unless otherwise specified or directed by the Engineer, suitable moldings or bevels

shall be placed in the angles of forms to round or bevel the edges of the concrete

including abutting edges of expansion joints.

215. Oiling

The inside of forms shall be coated with non-staining mineral oil or other approved

material which shall be applied before the reinforcement is placed.

216. Temporary Openings

Temporary openings shall be provided at the base of column and wall forms, and

at other points where necessary to facilitate cleaning and inspection immediately before

depositing concrete. Forms for walls or other thin sections of considerable height shall

be provided with openings or other devices that will permit the concrete to be placed

in a manner that will avoid accumulation of hardened concrete on the forms or metal

reinforcement.

217. Removal

The removal of forms shall not be started until the concrete has attained the nec-

essary strength to support its own weight and any construction live loads. Forms shall

be removed in such manner as not to injure the concrete.
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METAL REINFORCEMENT
218. Cleaning

Metal reinforcement, before being positioned, shall be thoroughly cleaned of mill

and rust scale, dirt, grease or coating that will tend to destroy or reduce the bond,

and after being placed, shall be maintained in a clean condition until completely embedded

in concrete. Reinforcement appreciably reduced in section shall be rejected.

219. Bending

Reinforcement shall be accurately formed to the dimensions indicated on the plans.

Stirrups and tie bars shall be bent around a pin having a diameter not less than 2

times the minimum thickness of the bar. Bends for other bars shall be made around a

pin having a diameter not less than 6 times the minimum thickness e.xcept for bars

larger than 1 inch, in which case the bends shall be made around a pin of 8 bar diameter.

All bars shall be bent cold.

220. Straightening

Metal reinforcement shall not be bent or straightened in a manner that will injure

the material. Bars with kinks or bends not shown on plan shall be rejected. Hot bending

of reinforcement will be permitted only when the entire operation is approved by the

Engineer.

221. Placing

Metal reinforcement shall be accurately positioned and secured against displace-

ment by using annealed iron wire ties or suitable clips, or spot welding at intersections,

and shall be supported by concrete or metal supports, spacers or metal hangers. Metal

clips or supports shall not be placed in contact with forms for exposed surfaces. Where

reinforcing is supported by concrete blocks they shall be of a quality equal to the con-

crete into which they are to be incorporated and shall be tapered to insure unyielding

incorporation in the finished structure.

The minimum center-to-center distance between parallel bars shall be 2J^ times

the diameter of round or 3 times the side dimensions for square bars, but in no case

shall the clear spacing between the bars be less than twice the maximum size of the

coarse aggregate, nor shall the clear distance from the face of the finished surface be less

than 1 inch.

222. Moisture Protection

At those surfaces of footings and other principal structural members in which the

concrete is deposited directly against the ground, metal reinforcement shall have a

minimum covering of 3 inches of concrete. At other surfaces of concrete exposed to

the ground or to severe weathering conditions, metal reinforcement shall be protected by

not less than 2 inches of concrete for bars over % inch in diameter, and 1^ inches for

bars ^ inch in diameter or less.

In concrete exposed to sea water the metal reinforcement shall be placed not less

than 3 inches from any plane or curved surface, and at corners it shall be not less

than 4 inches from adjacent surfaces.

223. Splicing

When it is necessary to splice reinforcement at points other than shown on the plans,

the character of the splice shall be determined by the Engineer. Splices shall not be

made at points of maximum stress and splices in adjacent bars shall be staggered.
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224. Future Bonding

Exposed reinforcement intended for bonding with future extensions shall be pro-

tected from corrosion in an approved manner.

JOINTS
225. Location of Joints

Instructions given on the plans, in the detailed specifications, or schedule governing

the work, shall be strictly followed. When the structures or portions of the structures

are designed to be monolithic, they shall be cast integrally, except as hereinafter modi-

fied. When necessary to provide construction joints not indicated or specified, such

joints shall be located as directed by the Engineer and formed so as to not impair the

strength and to least impair the appearance of the structure.

Joints in columns shall be made at the underside of floor members and at floor

levels. Haunches and column capitals shall be considered as part of and continuous

with the floor or roof. At least 2 hours shall elapse after depositing concrete in columns

or walls before depositing the concrete in the floor system.

226. Procedure in Forming Joints

The procedure specified in Section 244 for bonding new concrete to old shall be

followed in the formation of all joints. The reinforcement shall continue through the

joint. For concrete without reinforcement, shearing strength shall be provided by means

of a concrete key or dowel bars as the Engineer may direct.

227. Extra Steel at Construction Joints

Where a construction joint is required in a section of a building more than 100

feet long or more than 100 feet between expansion joints, special reinforcement shall be

placed at right angles to the joint and extending in both directions from the joint 40

diameters in the case of deformed bars and SO diameters in the case of plain bars.

This reinforcement shall be placed near the face of the member opposite from the main

tensile reinforcement. The cross-sectional area of such reinforcement shall not be less

than 0.5 percent of the section of the members cut by the joint.

228. Watertight Construction Joints

Construction joints shall not be made in watertight construction unless shown on the

plans or authorized by the Engineer.

Where a horizontal construction joint is required to resist water pressure, special

care shall be taken in finishing the surface to which the succeeding concrete is to be

bonded. The consistency of the concrete shall be carefully controlled so that it can be

placed with a minimum of puddling with no free water showing. The surface shall be

protected from loss of moisture and from mechanical injury. In applying the new

concrete the procedure specified in Section 244 shall be followed.

Where construction joints are required to be watertight, a continuous keyway shall

be constructed in the face of the first section of concrete placed, and continuous sheet of

non-corrosive metal not less than 12 inches wide placed so as to extend the full length

of the joint and be embedded equally in the concrete on each side thereof. Before con-

tinuing with the placement of concrete, the joint shall be thoroughly cleaned of laitance

or other foreign material and saturated with water. The concrete shall then be placed in

such a manner as will insure an excess of mortar over the entire surface of the joint.
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MIXING
229. Equipment

The mixing equipment shall be capable of combining the aggregates, cement, and

water within the specified time into a thoroughly mixed and uniform mass, and of

discharging the mixture without segregation.

230. Machine Mixing (at Site or at Central Mixing Plant)

Unless otherwise authorized by the Engineer, the concrete shall be mixed in a

batch mixer of approved type and size which will insure a uniform distribution of

the material throughout the mass. The equipment at the mixing plant shall be so con-

structed that all materials (including the water) entering the drum can be accurately

measured and weighed and be under control. The entire batch shall be discharged from

the mixer before recharging. The volume of the mixed material per batch shall not exceed

the manufacturer's rated capacity of the mixer. Except as qualified in Section 232, mixing

of each batch shall continue for the periods indicated below* during which time the drum

shall rotate at a peripheral speed of about 200 feet per minute. The mixing periods shall

be measured from the time when all of the solid materials are in the mixer drum, pro-

vided that all of the mixing water shall have been introduced before one-fourth of the

mixing time has elapsed.

Minimum mixing time shall be as follows:

1. For mixers of a capacity of one cubic yard or less—IJ^ minutes.

2. For mixers of capacities greater than one cubic yard, the time of mixing shall

be increased IS seconds for each additional half cubic yard capacity or

fraction thereof.

231. Truck Mixing

Truck mixers shall be watertight and so constructed that the concrete can be mixed

to insure a uniform distribution of materials throughout the mass and, unless otherwise

authorized by the Engineer, shall be of the revolving drum type. All solid materials for

the concrete shall be accurately measured in accordance with Section 202 and charged

into the drum at the proportioning plant. The truck mixer shall be equipped with a

tank for carrying mixing water. The tank shall have a device by which the quantity of

water added to the concrete can be positively controlled and readily verified. No water

shall be admitted to the drum until the mixer is at the site of the work unless author-

ized by the Engineer. If, with the approval of the Engineer, the water is added and the

batch is mixed in transit, the mixer shall be equipped with a device by which the

Engineer can determine the amount of mixing that has been done on arrival of the truck

at the site of the work. The maximum size of batch shall be in accordance with the

specified rating of the mixer. The mixing shall be continued for not less than SO revolu-

tions after all ingredients, including water, are in the drum. The speed shall be not less

than 4 r.p.m. nor more than the speed resulting in a peripheral velocity of the drum of

225 feet per minute. Not more than ISO revolutions of mixing shall be at a speed in

excess of 6 r.p.m. Mixing shall begin within 30 minutes after the cement has been added

either to the water or the aggregate. The concrete shall be delivered to the site of the

work and discharged from the mixer within a period of one hour after the introduction

• When, in the judgment of the Engineer, longer mixing times are necessary he should so specify.
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of the mixing water and cement to the aggregates. In case the required amount of mix-

ing has been completed before the time of discharging the batch, mixing shall be resumed

briefly to agitate the batch just before discharging. Mixers shall be dispatched from the

proportioning plant so as to provide a uniform rate of delivery. The rate of delivery of

the mixed concrete shall be such that the interval between batches will not exceed 10

minutes. Each batch of concrete delivered at the job shall be accompanied by a time

slip issued at the batching plant, bearing the time of departure therefrom and the

signature of the Inspector.

232. Partial Mixing at the Central Plant

When a truck mixer, or an agitator provided with adequate mixing blades, is used

for transportation, the mixing time at the stationary machine mixer may be reduced to

30 seconds and the mixing completed in a truck mixer or agitator. The mixing time in

the truck mixer or agitator equipped with adequate mixing blades shall be as specified

for truck mixing in Section 231. The maximum volume of mixed concrete transported

in an agitator shall be in accordance with the specified rating.

233. Time of Hauling Ready-Mixed Concrete

Concrete transported in a truck mixer, agitator, or other transportation device shall

be discharged at the job within 1 hour after the cement has been added to the water

of the aggregates.

234. Hand Mixing

When hand mixing is authorized it shall be done on a watertight platform in

batches limited to Vs cubic yard, and in such a manner as to insure a uniform distribu-

tion of the materials throughout the mass. Mixing shall be continued until a homogeneous

mixture of the required consistency is obtained.

235. Retempering

The retempering of concrete or mortar which has partially hardened, that is, mixing

with or without additional cement, aggregate, or water, will not be permitted.

DEPOSITING CONCRETE IN AIR
236. General

Before beginning placement of concrete, hardened concrete and foreign materials

shall be removed from the inner surfaces of the mixing and conveying equipment. Before

depositing any concrete all debris shall be removed from the space to be occupied by

the concrete and mortar splashed upon the reinforcement and surfaces of forms shall be

removed. Reinforcement shall be checked for position and fastening and approval of the

Engineer obtained. Where concrete is to be placed on a rock foundation, all loose rock,

clay, mud, etc., shall be removed from the surface of the rock. Water shall be removed

from the space to be occupied by the concrete before concrete is deposited, unless other-

wise directed by the Engineer. Any flow of water into an excavation shall be diverted

through proper side drains to a sump, or be removed by other approved methods which

will avoid washing the freshly deposited concrete. If directed by the Engineer water

ventpipes and drains shall be filled by grouting or otherwise after the concrete has

thoroughly hardened.



Masonry 24|

237. Handling and Placing

Concrete shall be handled from the mixer, or in the case of ready mixed concrete

from the transporting vehicle, to the place of final deposit as rapidly as practicable by

methods which will prevent the separation or loss of the ingredients. It shall be de-

posited in the forms as nearly as practicable in its final position to avoid rehandling

and shall not have a free fall of more than 4 feet unless otherwise permitted by the Engi-

neer. It shall be so deposited as to maintain, until the completion of the unit, a plastic

surface approximately horizontal, except in arch rings. Forms for walls or other thin

sections of considerable height shall be provided with openings or other devices that

will permit the concrete to be placed in a manner that will avoid accumulations of

hardened concrete on the forms or metal reinforcement. Under no circumstances shall

concrete that has partially hardened be deposited in the work.

In placing concrete for an arch ring, the work shall be carried on symmetrically

with respect to the center line and the working faces of the completed courses shall be

on approximately radial planes. This requirement applies whether or not the arch is

poured in voussoir sections with allowance for key sections for final pours.

238. Chuting

When concrete is conveyed by chuting, the plant shall be of such size and design

as to insure a practically continuous flow in the chute. The chutes shall be of metal or

metal lined. The angle of the chute with the horizontal and the shape of the chute shall

be such as to allow the concrete to slide without separation of the ingredients. The

delivery end of the chute shall be as close as possible to the point of deposit. When the

operation is intermittent, the chute shall discharge into a hopper. The chute shall be

thoroughly flushed with water before and after each run; the water used for this pur-

pose shaU be discharged outside the forms. Chutes must be properly baffled or hooded

at the discharging end to prevent separation of the aggregates.

239. Pneumatic Placing

Pneumatic placing of concrete shall be done with a concrete placing machine which

forces the concrete through a pipe line by means of compressed air. The equipment shall

be suitable in kind and adequate in capacity for the work. There shall be available a

working pressure of 120 pounds per square inch. The air pressure and the consistency

of the concrete shall be so regulated, without varying the water-cement ratio, that the

coarse aggregate shall not be blown away from the mortar matrix when the concrete

issues from the end of the delivery pipe. The machine shall be located as close as prac-

ticable to the place of deposit. The size and design of the pipe line and the cleaning of

it when operation ceases shall be as specified in Section 240. Flexible pipe branches shall

be provided when necessary to deliver the concrete at approximately its final position

in the forms. The position of the nozzle shall be such that the concrete is directed to

the point of deposit without impinging directly on the reinforcement and without exces-

sive rebound of material. The nozzle of the delivery pipe shall be as close to the mass

of concrete as conditions will permit and in no case shall it be more than 5 feet away.

On important work duplicate pneumatic equipment and additional pipe shall be pro-

vided to prevent delay due to breakdown of equipment.
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240. Pumping Concrete

The pump and all appurtenances shall be so designed and arranged that the

specified concrete can be transported and placed in the forms without segregation.

The pump shall be capable of developing a working pressure of at least 300 pounds

per square inch and the pipe line and fittings shall be designed to withstand twice the

working pressure.

Where it is necessary to lay the pipe on a down grade, a reducer shall be placed

at the discharge end of the pipe to provide a choke and thus produce a continuous

flow of concrete. When the type of pump is such that it discharges the concrete

in small batches, or by "belching", a baffle box shall be provided into which the

concrete shall be discharged. This box should preferably be of metal, about 2 feet

square, with open sides so as to permit the concrete to flow into the forms at right

angles to line of discharge. The pipe shall be not less than 6 inches nor more than

8 inches outside diameter, and the line shall be laid with as few bends as possible.

When changes in direction are necessary they should be made with bends of

45 degrees or less, unless greater bends are specifically permitted. If greater bends are

permitted in special cases, they shall be long-radius bends. The maximum distance of

delivery of concrete by pumping shall be 1,000 feet horizontally and 100 feet vertically,

unless otherwise specifically permitted by the Engineer. (A 90-degree bend is figured

as equivalent to 40 feet of horizontal piping. A 45-degree bend is equivalent to 20 feet.

A 22J/^-degree bend is equivalent to 10 feet). When pumping is completed, the concrete

remaining in the pipe line, if it is to be used, shall be ejected in such a manner that

there will be no contamination of the concrete or separation of the ingredients. The

pipe line and equipment must then be thoroughly cleaned. The pipe Hne can be cleaned

by either water or air. If water is used, a pump shall be provided with a capacity of at

least 80 gallons per minute and capable of developing a pressure of 400 pounds per

square inch. Cleaning of the pipe can also be accomplished by the use of a "go-devil"

which is propelled through the line by water or air pressure. (The "go-devil" is a dumb-

bell shaped piece with a cup rubber on each end. The cups are turned toward the

liquid, or air, and the seal is the same as in a simple plunger pump.) If water is used,

it must be discharged outside of the forms. On important work duplicate pumping

equipment and additional pipe shall be provided to prevent delay due to breakdown of

equipment.

241. Compacting

Concrete, during and immediately after depositing, shall be thoroughly compacted

by means of suitable tools. On exposed faces fine stone forks or spades shall be used to

work the coarse aggregates back into the mass and allow the mortar and fine particles

to occupy the space adjacent to the forms. For thin walls or inaccessible portions of the

forms, where rodding or forking is impracticable, the concrete shall be assisted into

place by tapping or hammering the forms opposite the freshly deposited concrete. The

concrete shall be thoroughly worked around the reinforcement, and around embedded

fixtures and into the corners of the forms.

High frequency vibration may be used in compacting the concrete. The consistency

of the mixture and the period of vibration shall be such that the resulting concrete

will be free from segregation, honeycomb, or accumulations of water or laitance at the

surface. The number and type of vibrators shall be subject to the approval of the

Engineer.
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242. Temperature

Concrete when deposited shall have temperatures within the limits shown in the

following table:

TemperaUires of Air Temperature of Concrete When Placed

Degrees F. Degrees F.

Below 30 70 Minimum 90 Maximum
Between 30 and 45 60 Minimum 90 Maximum
Above 45 50 Minimum 100 Maximum

The method of heating the materials shall be approved by the Engineer. The

apparatus used shall heat the mass uniformly and preclude the occurrence of hot spots

which would injure the materials.

When the climate is such that the temperature of the concrete coming from the

mixer, without artificial heat, is higher than the maximum temperatures given above,

the higher temperatures will be permitted if approved by the Engineer.

243. Continuous Depositing

Concrete shall be deposited continuously and as rapidly as practicable until the unit

of operation, approved by the Engineer, is completed. Construction joints in addition

to those provided on the plans will not be allowed unless authorized by the Engineer.

If so authorized they shall be made in accordance with Section 225.

244. Bonding

Immediately before depositing new concrete on or against concrete which has

hardened, the forms shall be tightened, the surface of the hardened concrete shall be

roughened as required by the Engineer, thoroughly cleaned of foreign matter and

laitance, and saturated with water. Excess water shall be removed so that the surface

is wet but free from pools of water. The new concrete placed in contact with hard-

ened or partially hardened concrete shall contain an excess of mortar to insure bond..

To insure this excess mortar at the juncture of the hardened and the newly deposited

concrete, the cleaned and saturated surfaces of the hardened concrete, including ver-

tical and inclined surfaces, shall first be slushed with a coating of neat cement grout

against which the new concrete shall be placed before the grout has attained its

initial set.

245. Placing Cyclopean Concrete

Cyclopean aggregate shall be thoroughly embedded in the concrete. The individual

stones shall not be closer than 12 inches to any surface or adjacent stones. Stratified

stone shall be laid on its natural bed. Cyclopean aggregate shall be carefully placed to

avoid injury to forms or adjoining masonry.

246. Placing Rubble Concrete

Rubble aggregate shall be thoroughly embedded in the concrete. The individual

stones shall not be closer than 4 inches to any surface or adjacent stones. Rubble

aggregate shall be carefully placed to avoid injury to forms or adjacent masonry.
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DEPOSITING CONCRETE UNDER WATER

247. General

The methods specified for Depositing Concrete in Air shall be used except when the

space to be filled with concrete contains water which cannot be removed in some prac-

tical way. In such cases, and when authorized by the Engineer, concrete shall be deposited

under water in accordance with the following.

The methods, equipment and materials proposed to be used, shall be submitted first

to the Engineer for his approval before the work is started. The methods used shall be

such as will prevent the washing out of the cement from the concrete mixture, minimize

the segregation of materials and the formation of laitance, and prevent the flow of water

through or over the new concrete until it has fully hardened.

248. Capacity of Plant

Sufficient mixing, transporting and placing equipment shall be provided to insure

that the depositing of all underwater concrete for each predetermined section or unit of

the work to be done, shall be continuous until completion.

249. Standard Specifications

The materials, proportions and methods to be used in making concrete to be deposited

under water shall all conform to the requirements of these specifications except as

modified or supplemented by the following paragraphs.

250. Cement

Not less than 6 sacks, or 564 pounds of cement per cubic yard of concrete shall

be used.

251. Coarse Aggregates

Preference will be given to gravel rather than crushed material. The maximum size

of aggregate preferably shall be 2 inches and shall not exceed 3 inches. The coarse aggre-

gate shall be well graded in such proportions that the weight of the coarse aggregate

shall be not less than 1%, nor more than twice that of the fine aggregate.

252. Mixing

The cement and aggregates shall be mixed for a period of 2 minutes with sufficient

water to produce a concrete having a slump of not less than 6 inches nor more than

8 inches for concrete placed by tremies, and not less than 3 inches nor more than

6 inches for concrete placed by bottom dump buckets or for concrete placed in sacks.

253. Caissons, Cofferdams or Forms

Caissons, cofferdams or forms shall be sufficiently tight to prevent loss of mortar or

flow of water through the space in which the concrete is to be deposited. Pumping will

not be permitted while concrete is being deposited, nor until 24 hours thereafter.

254. Leveling and Cleaning the Bottom to Receive Concrete

Before starting to deposit concrete under water, the condition of the bottom shall

be examined and reported upon to the Engineer by a competent diver, and shall be

approved by the Engineer.

The surface of the bottom, whether of clay, rock, or other material, shall be

leveled as directed by the Engineer, before depositing concrete under water.



Masonry 245

Where the bottom on which concrete is to be deposited under water is, or is

likely to be, covered with silt, such material shall be removed down to solid material

before any concrete is placed. The method to be used to clean the bottom of silt or

similar material, shall be subject to the approval of the Engineer.

255. Continuous Work
Concrete shall be deposited continuously until it is brought up to the required

elevation. While depositing, the top surface shall be kept as nearly level as possible, and

the formation of laitance planes avoided.

256. Methods of Depositing

One of the following methods of depositing shall be used:

(a) Tretnie.—When concrete is to be deposited under water by means of a tremie,

the top section of the tremie shall be a hopper large enough to hold one entire batch of

the mix or the entire contents of the transporting bucket, when one is used. The tremie

pipe shall be not less than 8 inches in diameter and shall be large enough to allow a free

flow of concrete and strong enough to withstand the external pressure of the water in

which it is suspended, even if a partial vacuum develops inside of the pipe. Preferably

flanged steel pipe should be used, of adequate strength to sustain the greatest length and

weight required for the job. A separate lifting device shall be provided for each tremie

pipe with its hopper at the upper end. Unless the lower end of the pipe is equipped with

an approved automatic check valve, the upper end of the pipe shall be plugged with a

wadding of gunnysacking or other approved material, before delivering the concrete to

the tremie pipe through the hopper, which plug will be forced to and out of the bottom

end of the pipe by filling the pipe with concrete. It will be necessary to slowly raise the

tremie in order to cause a uniform flow of the concrete, but the tremie shall not be

emptied so that water enters above the concrete in the pipe. At all times after the

start of placing the concrete and until all concrete is placed, the lower end' of the

tremie pipe shall be below the top surface of the plastic concrete. This will cause the

concrete to build up from below instead of flowing out over the surface, to avoid forma-

tion of laitance layers. If the charge in the tremie is lost while depositing, the tremie

shall be raised above the concrete surface, and unless sealed by a check valve it shall

be replugged at the top end, as at the beginning, before refilling for depositing concrete.

(Note: Experience has shown that tremie concrete can be placed as above specified,

so that it will build up the flow as much as SO feet horizontally from the discharge end

of the tremie with a slope of less than 3 feet in SO feet.)

(b) Bottom Dump Bucket.—Where concrete is to be deposited under water by

means of a bottom dump bucket, the bucket shall be of the type that cannot be dumped
until after it has rested, with its load, on the surface upon which the concrete is to be

deposited. The bottom doors shall be so equipped as to be automatically unlatched by

the release of tension on the supporting line or cable of the bucket, and the bottom doors

shall then open downward and outward as the bucket is raised. The top of the bucket

shall be fitted with double, overlapping canvas flaps, or other approved covers, to cover

the contained concrete and to protect it from wash when it enters the water and as the

bucket descends to the bottom. The bucket, preferably should be so designed that the

hinged bottom doors will operate inside of a steel skirt, which skirt will surround the

bucket while the bottom doors are shut and will extend below the bucket as the bottom

doors open and hence minimize turbulence and motion while the concrete is being de-

posited. The bucket shall be submerged slowly until it is completely under water. The

normal line speed after that shall not exceed 200 feet per minute. After the bucket has
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reached the surface on which the concrete is to be deposited, it shall be raised slowly

for the first 6 or 8 feet while the concrete is being deposited.

(c) Placing Sacks of Concrete.—Where a relatively small amount of concrete is to

be placed that does not warrant the equipment required for either treraie or open bottom

bucket methods, concrete may be placed under water in sacks or bags. In such case the

space shall be filled with sacks of concrete carefully placed by hand in header and

stretcher formation, so that the whole mass becomes interlocked. Sacks used for this

purpose shall be made of jute or other coarse material, free from deleterious materials,

and shall be filled about two-thirds full of concrete and the sack openings securely tied.

257. Soundings

During the time that concrete is being deposited underwater soundings shall be

continuously taken to the surface of the deposited concrete and recorded. The surface

of the deposited concrete shall be maintained relatively level over the area being covered.

258. Removing Laitance

Upon completing a unit or section of underwater concrete, any laitance or silt col-

lecting on the upper surface of the same shall be removed and the concrete surface

thoroughly cleaned, if additional concrete is to be deposited on that surface.

259. Concrete Seals

Under favorable conditions it will be possible to place underwater concrete of a

limited thickness in the bottoms of caissons or cofferdams and so completely seal the

structures that after the concrete has set, all water can be pumped out. In such cases,

if it is economical to do so, the water shall be pumped out, the exposed surfaces cleaned

and the balance of the concrete deposited in air.

CONCRETE IN SEA WATER
260. Proportions

Plain concrete in sea water from 2 feet below low water to 2 feet above high

water, or from a plane below to a plane above wave action, shall contain a minimum of

1^ barrels (7 bags) of Portland cement per cubic yard in place. Other plain concrete

in sea water or exposed directly along the sea coast shall contain a minimum of V/'2

barrels (6 bags) of Portland cement per cubic yard in place. Porous or weak aggregates

shall not be used.

261. Depositing in Sea Water

Sea water shall not be allowed to come in contact with the concrete until it has

hardened for at least 4 days. Concrete shall be placed in such a manner as to minimize

the number of horizontal or inclined seams or work planes. The placing of concrete

between tides shaU be, so far as possible, a continuous operation. Concrete shall be

deposited in sea water only when so directed by the Engineer.

262. Protecting Concrete in Sea Water

In concrete exposed to sea water the metal reinforcement shall be placed not less

than 3 inches from any plane or curved surface, and at comers it shall be not less than

4 inches from adjacent surfaces. Metal chair supports or ties shall not extend to the

surface of the concrete. Where severe climatic conditions or severe abrasions are antici-

pated, the face of the concrete from 2 feet below low water to 2 feet above high
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water, or from a plane below to a plane above wave action, shall be protected by stone

of suitable quality, dense vitrified shale brick as designated on the plans or as required

by the Engineer, or in special cases the protection may be creosoted timber.

CONCRETE IN ALKALI SOILS OR WATERS

263. Proportions

Concrete in alkali waters or below ground-line of alkali soils shall contain a minimum
of 1^ barrels (7 bags) of Portland cement per cubic yard in place.

264. Placing

Concrete in alkali soils or waters shall be placed in such a manner as to minimize

the number of horizontal or inclined seams, or work planes.

265. Protection

Metal reinforcement or other corrodible metal shall not be placed closer than 2

inches from the surface of members exposed to alkali soils or waters. In foundations and

in heavy structures the metal reinforcement shall not be placed closer than 3 inches from

the surface.

CURING

266. General

These Specifications for Heat Curing and Wet Curing are based on the use of

Type I, Type II or Type III Portland cement in concrete deposited in air.

267. Heat Curing

In freezing weather, or when there is likelihood of freezing temperatures within

the specified curing period, suitable and sufficient means must be provided, before con-

creting, for maintaining all concrete surfaces at a temperature of not less than SO

degrees F. for a period of not less than 7 days after the concrete is placed when Type 1

or Type II Portland cement is used, and not less than 3 days when Type III Portland

cement is used.

The temperature of concrete surfaces shall be determined by thermometers placed

against the surface of the concrete. Provision shall be made in form construction to

permit the removal of small sections of forms to accommodate the placing of ther-

mometers against concrete surfaces at locations designated by the Engineer. After

thermometers are placed, the apertures in forms shall be covered in a way to closely

simulate the protection afforded by the forms.

In determining the temperatures at angles and corners of a structure, thermometers

should be placed not more than 8 inches from the angles and corners. In determining

temperatures of horizontal surfaces, thermometers shall rest upon the surface under the

protection covering normal to section involved.

Temperature readings shall be taken and recorded at intervals to be designated by

the Engineer, over the entire curing period specified, and the temperatures so recorded

shall be interpreted as the temperature of the concrete surfaces where the thermometers

were placed.

When protection from cold is needed to insure meeting these specification require-

ments, all necessary materials for covering or housing must be dehvered at the site of

the work before concreting is started and must be effectively applied or installed, and
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such added heat must be furnished as may be necessary without depending in any way

upon the heat of hydration during the first 24 hours after concrete is placed when

Type I or Type II Portland cement is used, or the first 18 hours when Type III Port-

land cement is used. The methods of heating and protecting the concrete shall be

approved by the Engineer. Manure, if used for such protection, shall not come in con-

tact with the concrete. Chemicals or other foreign materials shall not be mixed with

the concrete for the purpose of preventing freezing.

When heat is suppHed by steam or salamanders, covering or housing of the struc-

ture shall be so placed as to permit free circulation of air above and around the con-

crete within the enclosure, but to the exclusion of air currents from without, excepting

that where salamanders are used, sufficient ventilation shall be provided to carry off

gases. Special care shall be exercised to maintain the specified temperature continuously

and uniformly in all parts of the structure enclosure, and to exclude cold drafts from

angles and corners and from all projecting reinforcing steel. All exposed surfaces in the

heated enclosure shall be kept continuously wet during the heating period unless heat is

supplied in the form of Uve steam.

268. Wet Curing

When not otherwise specified, all concrete surfaces when not protected by forms,

must be kept constantly wet for a period of not less than 7 days after concrete is

placed when Type I or Type II Portland cement is used, and not less than 3 days

when Type III Portland cement is used.

The wet curing period for all concrete which will be in contact with brine drip, sea

water, salt spray, alkali or sulfate bearing soils or waters, or similar destructive agents,

shall be increased to SO percent more than the periods specified for normal exposures.

Salt water and corrosive waters and soils shall be kept from contact with the concrete

during placement and for the curing period.

When wood forms are left in place during the curing period they shall be kept

sufficiently damp at all times to prevent openings at the joints and drying of the

concrete.

When wet curing is impracticable, liquid surface applications or other effective means

to prevent or minimize evaporation may be used in lieu of wet curing only when

approved by the Engineer.

269. Field Tests

During the progress of construction the Engineer will have tests made to deter-

mine whether the concrete which is being produced compares to the quaUty specified in

Section 204. The contractor shall cooperate in the making of such tests to the extent of

allowing free access to the work for the selection of samples and storage of specimens

and in affording protection to the specimens against injury or loss through his operations.

Four cylinders will generally be made for each class of concrete used in any one

day's operation. In special cases this normal number of control specimens may be ex-

ceeded when in the opinion of the Engineer such additional tests are necessary. The

contractor, however, shall not be required to furnish for such additional tests more

than 2 cubic feet of concrete for each 100 cubic yards of concrete being placed.

Samples of concrete for test specimens shall be taken at the mixer, or in the case of

ready mixed concrete, from the transportation vehicle during discharge. When, in the

opinion of the Engineer, it is desirable to take samples elsewhere, they shall be taken

as directed by him. Such specimens shall be molded immediately after the sample is
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taken, placed in a protected spot and kept under moist curing conditions at approxi-

mately 70 degrees F. for 24 hours, whereupon they shall be removed to the testing

laboratory.

Should the strengths shown by the test specimens fall below the values given in

Section 204 the Engineer shall have the right to require changes in proportions to apply

on the remainder of the work. Furthermore, the Engineer shall have the right to

require additional curing up to, but not to exceed 14 days.

SURFACE FINISH
270. General

The following requirements, in addition to the provisions hereof applying to forms,

mixing, conveying, depositing, etc., except as modified by the plans or by the direction of

the Engineer, shall be applicable to the construction of concrete surfaces exposed upon

the completion of the structure:

(a) All face forms shall be smooth and watertight. If of wood, the face boards

shall be sized to a uniform thickness and all offsets or inequalities dressed to a smooth

surface. They shall be tightly placed and all openings and cracks pointed flush, as di-

rected by the Engineer, to prevent leakage and the formation of fins. Forms shall be

so constructed that they can be removed without hammering or prying against the

concrete surface.

(b) Exposed surface shall be cast in one continuous operation between prescribed

construction limits. Construction and expansion joints not shown on the plans shall be

made only as directed by the Engineer and shall be true to hne with sharp unbroken

edges, beveled or rounded as specified.

(c) The same brand of cement and the same kind and size of aggregate shall be

used throughout the whole of any exposed surface.

(d) The concrete shall be so mixed, placed, and worked with a spading tool that

the aggregate is uniformly distributed and a full surface of mortar brought against the

form free from air pockets and void spaces. If the finish is to be one that will expose

the coarse aggregate by either rubbing, tooling, sandblasting or acid treatment, then

after the full surface of mortar has been worked against the form, the coarse aggregate

shall be spaded against the form, to secure a uniform distribution at the face and a

uniform texture of the exposed aggregate in the finished surface.

(e) The forms shall be carefully removed from the surfaces as early as prac-

ticable, and all fins, joint marks, projections, and inequalities chipped off. If there

should be found any small pits or openings in the exposed surface of the concrete or

if bolts are used for securing the forms the ends of which on removal leave small holes,

the surface shall be thoroughly saturated with water and aU such holes, pits, etc.,

shall be neatly stopped with pointing mortar of cement and fine aggregate in the same

proportion as used in the concrete, and smoothed even with the surface with a wooden

float. The mortar shall be mixed in small quantities and shall be used while still

plastic.

All such work in connection with the correction of damaged sections, voids or

honeycomb shall be performed under the direction of the Engineer.

(f) No mortar or cement shall be applied to the surface except to fill pits or

voids, tie bolt holes, etc., as above provided, and not by plastering.

(g) Whenever the forms are removed before the concrete has properly set, the

surface shall be immediately wetted and kept wet for not less than 3 days.
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271. Top Surfaces Not Subject to Wear

Top surfaces not subject to wear shall be smoothed with a wood float and be kept

wet for at least 7 days. Care shall be taken to avoid an excess of water in the concrete,

and to drain or otherwise promptly remove any water that comes to the surface. Dry
cement, or a dry mixture of cement and sand, shall not be sprinkled directly on the

surface.

WEARING SURFACE FINISH

272. One-Course Work
Aggregates for the wearing surface in one-course work shall have a high resistance

to abrasion, and shall be screened and, when necessary, thoroughly washed. The least

quantity of mixing water that will produce a dense concrete shall be used. The mix shall

not be leaner than 1 part of Portland cement and lYi parts of aggregate. The surface

shall be screeded even and finished with a wooden float. Excess water shall be promptly

drained or otherwise removed. Overtroweling shall be avoided.

273. Two-Course Work
The wearing surface in two-course work shall be placed within 5^ hour after the

base course. Where the wearing surface is required to be applied to a hardened base

course, the latter shall be prepared by roughening with a pick or other effective tool.

The roughened surface shall be thoroughly saturated with water and covered with a

thin layer of neat cement paste immediately before the wearing surface is placed. The
wearing course shall not be thinner than 1 inch.

274. Curing

Concrete wearing surfaces of roads and pavement, made in accordance with pre-

ceding Sections 272 and 273, shall be kept wet for at least 21 days.

DECORATIVE FINISHES

275. Rubbed Finish

Immediately after the forms are removed and all voids filled, the surface shall be

thoroughly wetted and rubbed with a carborundum brick, or other abrasive, to a smooth,

even finish of uniform appearance without applying any cement or other coating.

276. Scrubbed Finish

The forms shall be removed while the concrete is still green and the surface scrubbed

with stiff fiber or wire brushes, using water freely, until the aggregate is uniformly exposed

to the desired extent. The whole surface shall then be thoroughly washed with clean

water. If portions of the surface have become too hard to scrub to equal relief, or the

film of cement is not removed from the surface of the exposed aggregate, diluted hydro-

chloric acid (1 part acid to 4 parts water) may be used to faciUtate the scrubbing. All

traces of the acid shall be thoroughly removed with clean water.

277. Sandblast Finish

In preparing the surface for a sandblast finish, the concrete face shall be permitted

to attain an intermediate degree of hardness; it shall then be air-blasted with hard sand

until the aggregate is in uniform relief.
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278. Tooled Finish

The surface shall first be permitted to become dry and hard, and then dressed

with tools, as called for, to a uniform texture and even face.

279. Sand Floated Finish

The form shall be removed before the surface has fully hardened; the surface shall

be rubbed with a wooden float by a uniform circular motion, fine sand being rubbed

into the surface until the resulting finish is even and uniform.

280. Acid Treated Finish

After the forms are removed and all voids filled, the surface shall be washed with

commercial hydrochloric acid or nitric acid, diluted with water to a strength such that

the bonding of the cement is not broken beyond the requured depth. The solution

shall be applied with stiff vegetable fiber brushes and the surface scrubbed until the

aggregate is exposed to the desired extent. All traces of the acid shall then be quickly

and completely washed off with water to prevent further action and the permanent

discoloration of the surface.

281. Colored Pigment Finish

Mineral pigment when used shall be thoroughly mixed dry with the cement and

fine aggregate; care shall be taken to secure a uniform tint throughout.

APPENDIX A

ASTM SPECIFICATIONS AND DESIGNATIONS

Referred to in ''Specifications for Concrete and Reinforced Concrete Railroad

Bridges and Other Structures"

Designation Specifications for

A 7-42 Steel for Bridges and Buildings
A 15-39 Billet-Steel Bars for Concrete Reinforcement
A 16-35 Rail-Steel Bars for Concrete Reinforcement
A 44-41 Cast Iron Pit Cast Pipe for Water and Other Liquids
A 82-34 Cold-Drawn Steel Wire for Concrete Reinforcement
A 160-39 .\xle-Steel Bars for Concrete Reinforcement
A 184-37 Fabricated Steel Bar or Rod Mats for Concrete Reinforcement
A 185-37 Welded Steel Wire Fabric for Concrete Reinforcement
C 29-42 Method of Test for Unit Weight of Aggregate for Concrete
C 31-42 Method of Making and Storing Compression Test Specimens of Concrete

in the Field

C 39^2 Method of Test for Compressive Strength of Concrete
C 40-33 Method of Test for Organic Impurities in Sands for Concrete

C 87-42 Method of Test for Structural Strength of Fine Aggregate Using Constant

Water-Cement-Ratio Mortar
C 88-41-T Method of Test for Soundness of Aggregates by Use of Sodium Sulfate

or Magnesium Sulfate

C 109-37-T Method of Test for Compressive Strength of Portland Cement Mortars
C 117-37 Method of Test for Amount of Material Finer Than No. 200 Sieve in

Aggregates
C 123-39 Method of Test for Coal and Lignite in Sand
C 131-39 Method of Test for Abrasion of Coarse Aggregate by Use of the Los

Angeles Machine
C 136-39 Method of Test for Sieve Analysis of Fine and Coarse Aggregates

C 143-39 Method of Slump Test for Consistency of Portland Cement Concrete

C 150-42 Porland Cement
D 75^2-T Methods of Sampling Stone Slag, Gravel, Sand and Stone Block
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Report on Assignment 9

Means for Conserving Labor and Materials, Including the

Adaptation of Substitute Non-Critical Materials

G. H. Dayett, C. P. Marsh, W. M. Ray, C. H. Splitstone (co-chairmen), and entire

membership of Committee 8—Masonry.

Your committee has continued its study of means of conserving labor and critical

materials in concrete construction and has reviewed the proposed National Emergency

Specifications for Reinforced Concrete Railway Bridges, prepared by the War Production

Board, now pending. These specifications have been drawn mainly from the AREA
Manual, Masonry committee section, with however certain omissions of individual para-

graphs, of design formulas for concrete arches, rigid frame bridges, etc., and in a few

cases, of entire sections. Your committee carefully reviewed these specifications and pre-

pared a statement of comments and suggestions which was submitted to the War Pro-

duction Board through the office of the AAR at Washington.



Report of Committee 24—Cooperative Relations

With Universities

E. T. HowsoN, Chairman, W. D. Faucette F. R. Layng
Lem Adams P. 0. Ferris C. T. Morris
J. B. Babcock E. M. Hastings A. E. Perlman
W. C. Barrett Clark Hungerford W. C. Sadler
T. A. Blair W. B. Irwin F. S. Schwlnn
R. P. Davis R. B. Kittredge J. M. Symes
R. E. Dougherty B. R. Kulp Barton Wheelwright
0. W. EsHBACH Committee

To the American Railway Engineering Association:

Your committee reports on the following assignments:

Foreword.

A brief statement of the work of the committee page 254

1. Stimulate greater appreciation among railway and university officers of

(a) the fundamental importance of instruction in transportation and

economics, and

(b) the necessity for presenting courses of instruction based on current

railway conditions and taught by men of adequate ability and experience.

Progress report, presented as information page 255

2. Call to the attention of universities and colleges such information and con-

clusions developed by the Association as thought to be of special interest or

value to them.

Brief progress statement, presented as information page 260

3. Develop means of bringing to the attention of railway managements the

value of a technical education as a quahfying factor for young men desiring

to enter railway service with a view to advancement.

Progress report, presented as information page 261

4. Stimulate a greater interest in the science of transportation among university

and college students and create thereby a greater appreciation of the place

of transportation in our national economic structure, cooperating with organ-

izations of university and college students and contributing to their activities

in such manner as may be mutually arranged.

Progress report, presented as information page 263

5. Develop means whereby facilities of the universities may be made more

directly available for research work of the Association and the railway

industry by cooperative effort between the staffs of the universities and the

committees of the Association.

Brief progress statement, presented as information page 265

The Committee on Cooperative Relations

With Universities,

E. T. HowsoN, Chairman.

AREA Bulletin 443, January 1944.

253
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Foreword

The past year has been one of great difficulty for the members of this committee.

Railway members, in common with all railway men, have struggled under record respon-

sibilities, while representatives of the universities have faced the almost complete sub-

mergence of their normal peace-time training objectives to all-out preparation of their

students for war-time operations. As a result, your committee has been forced to post-

pone study of those of its assignments that deal with university programs and procedure,

but has continued to press forward in the development of its other work.

During the year, the railways have made marked progress in their preparations for

the days of greatly intensified competition that will follow the termination of the war.

Both collectively and individually, they have given much consideration to the nature of

the services they will offer; they are also strengthening their financial structures mate-

rially by buying in their securities and building up their reserves. However, no plant will

long be better than the management that operates it and no industry will rise above the

leadership that formulates and directs its policies and activities.

It is the province of this committee to direct the attention of railway and university

authorities alike to the importance of preparing young men of the highest ability for

careers in railway service. Of special importance is the task of awakening railway execu-

tives to the importance of building their organizations for the future and, as an essential

preparation to this end, of attracting into their service young men of superior ability

and education for training in the practical rudiments of railroad operation in order that,

when the need arises, men of requisite leadership qualifications may be available to carry

on the responsibilities that the older men must lay aside. This they have not been doing,

as an industry, to the degree that other progressive industries are doing—as has been

demonstrated in reports that this committee has already presented to this Association

and amplifies in its report this year. To the extent that the railways are still failing to

recruit their fair share of the most promising graduates of our colleges and universities,

they may be expected to fall behind in their competition with other industries in the

years that are ahead.

Ours is not a short-tiipe task. It is not such as can be completed in a year or in

several years. On the contrary, it is a continuing task of education, looking to the ulti-

mate universal realization by railway and college authorities aUke that the railway

industry requires the most capable leadership available and is prepared to compete with

other industries for its full share of the most promising young men who leave our

institutions of learning.
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Report on Assignment 1

Stimulate Greater Appreciation Among Railway and
University Officers of:

(a) the fundamental importance of instruction in transportation

and economics, and

(b) the necessity for presenting courses of instruction based on
current railway conditions and taught by men of

adequate ability and experience

E. M. Hastings (chairman, subcommittee), T. A. Blair, R. P. Davis, R. E. Dougherty,
P. O. Ferris, W. B Irwin, B. R. Kulp, A. E. Perlman, J. M. Symes.

This is a report of progress.

Owing to the fact that the interest and activity of university officers are now
directed so largely in military channels in carrying out the Army and Navy service pro-

grams, your committee felt it was not wise to pursue its assignment with the college

authorities but to confine its investigation this year to railway officers. A letter received

from the dean of engineering of one of the important universities in response to an inquiry

made of him in June regarding the assignment given the subcommittee, contained a state-

ment that is pertinent, namely, "There is no questioning the necessity for presenting

courses of instruction based on current railway conditions and taught by men of adequate

ability and experience". The letter also contained another paragraph which was so sig-

nificant that it was incorporated in a letter sent to a number of representative railway

executives. The following is quoted from the letter sent to these executives:

Because of the situation that now exists at by far the greater number of our

universities and colleges, we are postponing for the present taking this question

up with university officers but we do feel that railway officers, although already

heavily burdened with problems in connection with the war traffic, are giving a

great deal of attention to the changes that we realize are Hkely to occur in the

post-war days in the position of rail transportation and are looking to the

strengthening of their competitive position for the post-war period. Therefore,

we are writing you and several other executives of the most important railroads

of the country, raising the question very frankly as to the attention you are giv-

ing or that you believe should be given to the careful selection of young men
from colleges and universities in order that your company may be better prepared

to meet the intensive competition to which you will be subjected following the

war. We quote from a letter written by the dean of engineering of one of our

universities:

"Most educational institutions are not going to show the proper regard for

the teaching of railway engineering and transportation economics until the rail-

roads as a whole have a better attitude toward employing a certain number of

young engineers yearly, and assuring them of permanency in their positions with

the railroads. We have placed a few men with the railroads over a period of years

and I think in every case these men were released when the depression came."

This statement of the dean presents a challenge.

A copy of the last committee report of Committee 24 is enclosed. Will you not

be good enough to let us have an expression from you.
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A number of very interesting replies have been received as a result of this inquiry

and your committee feels that it will be of great interest and benefit in the further con-

sideration of the subject if these replies are quoted in full. They follow:

From H. A. DeButts, vice-president, Operation, Southern:

For the last 30 years the Southern has been following the program of employing

college graduates in civil engineering and in the last few years graduates in mechanical

engineering. They have been started as student apprentices, actually performing manual

labor and learning the work from the ground up, and have been advanced as rapidly as

they have qualified. At the present time we have many of these men as officers.

Because we have recently been unable to secure these graduates, we have necessarily

suspended the program temporarily. They have not been cut off during depressions but

we have now lost most of the younger men to the armed forces. We hope they will return

to us after the war.

In our program we have found that engineering gives these boys the best ground

work but, regardless of the technical knowledge they receive in college, their success or

failure in an organization such as ours depends greatly on their ability to handle men
and that ability can only be determined by trial. It is our opinion that college courses in

transportation and economics are limited in value because the only way we know for

them to learn the operating end of the railroad game is from experience.

From E. S. French, president, Boston & Maine:

For many years the Boston & Maine has had a policy of employing college or uni-

versity trained men annually. Unfortunately it has been operated in a rather hit or miss

fashion and frequent changes have been made in our methods of educating these men.

We have had cooperative arrangements with the Massachusetts Institute of Technology

for some years at a time. However, financial exigencies, plus the need for economy in

the last decade, have prevented our continuing the program on the scale we should have

liked.

We are fully convinced of the wisdom, and I personally believe the necessity, of a

definite comprehensive program to take on a limited number of young men annually,

and provide for their continuance in the industry, regardless of the financial necessities

of the company.

From H. A. Scandrett, trustee, Chicago, Milwaukee, St. Paul & Pacific:

I have read with much interest the statements included in your report from deans

of engineering of many of our important engineering schools and think most of them are

fair statements as to the relatively small number of young college graduates employed by

the railroads for training for the more important supervisory positions.

We have done quite a lot in selecting young men from colleges and universities, and

have placed them in positions in our maintenance, operating and mechanical departments

for the purpose of training them for executive and supervisory positions. Such arrange-

ments have worked out quite successfully. The program, of course, is suspended tempo-

rarily because of the war, but we plan to resume it when conditions permit.

Your committee is performing a great service in its contact with colleges and univer-

sities and is stimulating a needed interest among railroad officers as to the necessity of

a careful selection of young men who will be equipped to meet the future requirements

in a very keen competitive period.
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From M. W. Clement, president, Pennsylvania:

It has long been the policy of the Pennsylvania to employ graduates of accredited

technical schools.

In conferences at the schools, representative officers explain requirements, course of

training and opportunities. Selection is based upon further interviews with responsible

officers and department heads to determine requisite qualifications.

Employment starts in an apprenticeship in the maintenance of equipment or main-

tenance of way and structures departments, follows prescribed courses, and leads to

advancement commensurate with attainments. Uniform success of this policy in the past

confirms our intention to pursue it in the future.

From E. W. Scheer, president, Reading:

I have read with much interest the statement made by the dean of engineering in

one of the universities. What he said is quite true, and I am afraid the Reading in years

past has lost a number of young engineers through force reductions.

Practically all of the young engineers leaving the universities are now seeking em-

ployment in other industries, and during the past years the Reading has made an earnest

effort to secure young engineers for its staff but has been unsuccessful. This, in my opin-

ion, is not due to the rate of compensation or the fear of loss of employment during

depression years but to the fact that the opportunities for promotion in industry are much
greater. Advancements on the engineering staffs of railroads are, as you know, most in-

frequent, at least that has been the experience on the two railroads with which I have

been connected.

From Ralph Budd, president, Burlington:

Our experience with university graduates is that because of the relatively slow

advancement in railroad positions, the men leave for other more lucrative work. It may
be that special arrangements should be made to hold these graduates during the earlier

years when they are gaining experience. The problem is not an easy one, however, because

other equally well endowed individuals who have been gaining railroad experience while

the college men were in school are competitors for promotion, and their situation merits

consideration.

I think the railroads should do more to place in the ranks of their mechanical and

civil engineering departments men who have the highest technical training. I doubt if

they can make a special bid for college graduates in general, that is, for the filling of

lower positions outside the technical departments.

From R. E. Dougherty, vice-president, New York Central:

Under our Research Council we have developed a report on a somewhat broader

scale than merely including engineers, which emphasizes the general considerations and

involving the following:

Proper contacts with universities and schools where the prospective employees

receive their education.

Arousing the interest of likely candidates in the railroad before they leave the

schools through such means as distribution of literature or by representatives from

the company visiting the schools.

Continuance and expansion of summer employment of promising under-

graduates.

I am personally a great believer in summer employment of undergraduates. We have

always done something in that direction but more specifically in 1941 we engaged S3

undergraduates and in 1942 about 45. In 1943 the boys were so much tied up in military
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service that it was impossible to do anything with such a program. However, we propose

to revive this program when war conditions permit.

I realize fully the objections of the dean of engineering whom you quote about letting

these young men go in times of depression. That is going to be one of the most difficult

problems with which we will have to cope. On the other hand, I cannot conceive of any

employing officer letting any brilhant prospect get away from him, depression or no

depression. I am hopeful that we will not again have to experience the extreme shrink-

ages which made that sort of procedure imperative in a great many cases. It is a problem

with which we will have to cope but nevertheless it seems to me that graduates would

meet that sort of thing in almost any industry and one of the worst things that could

happen to these college men would be for the rest of the organization to get the idea

that they were a pampered lot of darlings that should be exempt from the vicissitudes

of depression which I am sure the best of them will in any event survive. We are defi-

nitely going to do our very best to develop some sort of a program which will make
employment properly attractive to college graduates. Our ultimate program will, of course,

be dependent upon conditions as they may appear when the war conditions are termi-

nated to an extent which would permit any program to be definitely crystallized and

effectuated. I realize fully the prejudices that will have to be overcome in the minds of

many members of college faculties.

From C. McD. Davis, president, Atlantic Coast Line:

The remarks of Associate Dean J. K. Finch, of the school of engineering, Columbia

University, AREA Proceedings, Vol. 44, 1943, page 313, clearly describe the past and

present relationship between the civil engineering departments of the railroads and the

curricula of the various universities and technical schools. Although quotations from the

heads of engineering departments of various schools indicate that they are embracing

mechanical, electrical and civil engineering courses, I understand that the investigation

conducted by the American Railway Engineering Association is particularly concerned

with the civil branch of engineering as related to railroad construction and maintenance.

While there has been no major railroad construction in recent years, there has been

considerable advancement made in maintenance methods and procedures, but, not being

spectacular, that work offers little inducement to students to take such studies. It is true

that it has been the practice generally in the railroad industry to employ a large number

of engineers during times of expansion in order to carry on the construction work and

release surplus engineers upon the completion of such work, which practice, though

necessary, has not made for stable employment of civil engineers with the railroads.

On the Coast Line, it has been our practice for many years, so far as practicable, to

select engineering employees from graduates of schools in the states through which we
operate, and some preference has been given to the selection of sons of employees. Fol-

lowing that practice, during the summer vacation of each year, we have employed a few

students taking a civil engineering course. Frequently these men have returned during

each of the three summer vacation periods of the college term, thereby earning money

to supplement funds provided for their education and enabling them to determine whether

they wish to follow railroad work. From time to time, after graduation, we have em-

ployed such of those men as have demonstrated interest and ability in railroad engineer-

ing work and such practice has proved satisfactory in the selection of technical employees.

It is desirable for an employee entering railroad civil engineering work to have a

brief course in railroad location, construction and maintenance, but it is more essential

that he be thoroughly grounded in general engineering principles. We feel that if the

procedure herein above outlined is followed, it is not essential (though it is desirable)

that such technical employees have a special course in railroad work.



Cooperative Relations with Universities 259

The work assigned to your committee is important and, as indicated by our practice

herein outlined, is of interest to us.

From D. J. Russell, vice-president, Southern Pacific:

In the past, quite close contact has been maintained between the various universities

in the territory served by our Pacific Lines by our engineering organization and at that

time it was found possible to interest engineering graduates from these universities to

enter the service of this company in our engineering organization. However, at the begin-

ning of the depression in 1930 with resultant reduction in forces, it was not possible to

hire men graduating from such universities except in isolated cases where they were used

only as rodmen or in other minor jobs. Most of the additional positions which were put

on during the next ten years were of a temporary nature and, as a consequence, the

engineering graduate looked to other fields for better opportunity offering permanency

of position or advancement.

Unfortunately, at the present time we are restricted in the engineering organization

of this company, by provisions of labor agreements which do not permit assigning a man

.in training to the position, say, of assistant foreman and training him in the handling of

track labor in order that he may obtain track experience, nor could we assign a new man

in the engineering organization to a position subject to seniority choice under the labor

agreements.

Practically all classes of railroad employees are, under the Railway Labor Act, subject

to the seniority provisions of working agreements. For example, the agreement with the

Brotherhood of Maintenance of Way Employees (which has been in effect since Federal

Control of the railroads) covers "foremen and assistant foremen, such as section, extra

gang in yard (track), construction, work train, gravel pit, quarry gangs and all employees

under the supervision of the above foremen". As the better positions become vacant or

new ones are established, employees who are already in the service and have established

seniority dates, if qualified, have preference thereto as against a new employee. Seniority

dates are governed as of the day that pay commences. This condition prevents our assign-

ing college graduates direct to such positions as assistant foremen, which are sufficiently

lucrative to attract and hold them while gaining actual experience and fitting themselves

for advancement.

Our technical employees, such as draftsmen, instrumentmen, rodmen, etc., are also

covered by an agreement which includes similar conditions, though there are a number

of exempted positions, such as chief draftsman, mechanical designer, office engineer,

assistant engineer, water supply inspector, assistant mechanical engineer, assistant engi-

neer of tests, electrical engineer, chief locomotive draftsman, assistant chief locomotive

draftsman, chief car draftsman, assistant chief car draftsman, assistant mechanical engi-

neer, lubrication engineer, etc., which can be filled without regard to seniority. These

exempted positions are semi-official and require that incumbents have had long experience

in the work. They are filled in practically all instances from employees already in the

service (most of them for many years), who naturally expect promotion as opportunity

occurs, their fitness and ability, however, being controlhng.

If we should attempt to establish positions with rates that would attract college

graduates, and permit the incumbents to perform work (even for experience) that ordi-

narily belongs to employees who classify under the agreements, it would undoubtedly

result in a demand that such positions be advertised for seniority choice of employees.

However, we recognize the desirability of having university trained engineers in the

railway maintenance and engineering fields, but because of war conditions it is not prac-

ticable to do anything along this line at the present time. We are hopeful that with the

cessation of hostilities and the return to normal conditions, we will be able to work out
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some arrangement with the labor organizations that will permit our securing a limited

number of engineering graduates for a definite program of training with fair prospects

of advancement as their talents develop.

From W. J. Jenks, president, Norfolk & Western:

For many years it has been the policy of this railroad to give summer employment
in both its engineering and mechanical departments to undergraduate students of engi-

neering colleges. Each year regular employment is offered to a number of graduates of

such colleges who are given opportunity to advance through demonstration of their

qualifications. In our mechanical department special apprentice courses were offered.

In this manner we have been able to attract a substantial aumber of promising

young technically trained men and that group is now well represented in our of&cial and
supervisory organization. Of course, during the present emergency normal procedures are

impracticable in many cases.

There are a number of other executives who have not yet replied, but from the

replies so far received, it is interesting to note the unanimity of opinions expressed. This

canvass of the field so far made indicates that there is already a great appreciation among
railway officers of the fundamental importance of instruction in transportation and
economics and of the necessity of presenting proper courses of instruction.

The committee calls attention to the fact that there will be some difficult problems

to face in the near future as the young men who have been given accelerated training

in engineering under both the Army and Navy programs return to civil life and seek

employment in engineering fields in transportation and in industry; it is a problem that

is giving much concern to the officers of our colleges and universities in charge of the

engineering courses—^it should give equal concern to the employing officers of the rail-

ways; there will certainly be needed some finishing work in engineering that these young

men should obtain before they become a part of the active practicing members of the

profession. It is felt that railway employing officers should give considerable thought to

this problem with a view to possibly working out some plan with the colleges and uni-

versities whereby part-time employment might be given while the young men were

completing their engineering education.

The subject given the subcommittee is a continuing one and it is recommended that

the exploration be continued along the same lines as herein reported, bringing in opinions

from a number of the university and college officers as soon as the intensive military

training services cease.

Report on Assignment 2

Call to the Attention of Universities and Colleges Such Information

and Conclusions Developed by the Association

As Thought To Be of Special Interest or Value to Them

W. D. Faucette (chairman, subcommittee) , W. C. Barrett, P. 0. Ferris, Clark Hungerford,
R. B. Kittredge, F. R. Layng, W. C. Sadler, Barton Wheelwright.

This is a report of progress.

Last year the committee collected a great deal of information from representatives

of colleges and universities indicating the attitude of these institutions towards railway

service as a career for their graduates, which expressions were incorporated in its report
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of a year ago. During the current year the committee has continued work on its assign-

ment, directing its activities particularly to stimulating interest among college faculty

members and students in post-war possibilities for the railways and post-war opportu-

nities for service in this industry.

Report on Assignment 3

Develop Means of Bringing to the Attention of Railway
Managements the Value of a Technical Education

As a Qualifying Factor for Young Men Desiring to Enter Railway
Service with a View to Advancement

F. S. Schwinn (chairman, subcommittee), J. B. Babcock, W. C. Barrett, T. A. Blair,

R. E. Dougherty, E. M. Hastings, W. B. Irwin, F. R. Layng, J. M. Symes.

Your cominittee submits this fourth progress report as information. Previous progress

reports will be found in the AREA Proceedings, Vol. 42, 1941, on page 157; Vol. 43,

1942, page 177; and Vol. 44, 1943, page 316.

Before reviewing a few of the plans for recruiting technically educated and other

college men which are now in effect on certain railways, it seemed appropriate that some

of the earlier plans, since discontinued, should be studied. It was surprising to find so

little dependable information presently available regarding those earlier plans. However,

the experiences of three railways are briefed here.

Illinois Central Track Apprentice System

Among the early plans, if not the earliest, was the track apprentice system inaugu-

rated on the Illinois Central in 1897 by John F. Wallace, then chief engineer. Mr. Wallace

enjoyed the now unknown experience of receiving an excess number of applications from

young engineering graduates, far beyond his need for strictly engineering positions, and

conceived the idea of training them in track maintenance. The apprentice was required

to have college training and be wiUing to work as a section laborer until, in the course

of about a year, he quaUfied for promotion. Some of these men were promoted to assist-

ant foremen on extra or section gangs, while others were advanced to foremen. It was

intended that about two years would be required to qualify a man for promotion to the

grade of track supervisor and roadmasters or division engineers were to be selected

generally from among the track supervisors.

During the time that this recruiting and training system was used, approximately

330 men were employed under its requirements. It was discontinued in 1902, after five

years of operation, probably because of a lack of interest in the plan following the

severance of Mr. Wallace's connection with the property. That the ideas behind the

system were sound and that even its short life span benefited the railway, is attested by

the fact that many of these apprentices were advanced to track supervisors and, not a

few, to division engineers and district engineers. Some were promoted to division super-

intendents, while one later became engineer maintenance of way and another was

appointed chief engineer. Several others were transferred to other departments where

they received promotions. Other railroads also benefited from this pioneer effort of the

Illinois Central as five men who rose through this system went to other lines as division

engineers, one as an engineer maintenance of way, and four as chief engineers. One of

these became a general manager and another was elected president of a railroad. All of
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the apprentices did not continue with railways as quite a few later became successful in

other lines of endeavor, but the value of the combination of a college trained mind with

the willingness to start at the bottom of the ladder and perform day labor appears to

have been developed beyond any doubt at least 40 years ago.

Southern Pacific Student Course in Railroading

On January 1, 1913, the Southern Pacific introduced a student course in railroading,

often referred to as the Kruttschnitt plan. The course, a development of ideas first put

into effect about 1909, was designed to fit young men to assume positions of responsibility

in the management of railroad affairs, and to equip them with a working knowledge of

the several departments and their inter-relation, so that they might be able to conduct

the particular duties assigned to them in harmony with the scheme of railroading as a

whole. The course was designed to afford two years in covering the entire field of rail-

roading in a general way. This was followed by a year and a half of special work in the

operating and maintenance, traffic or accounting departments, depending upon the stu-

dent's own inclinations, coupled with his quaUfications as determined earlier in the course.

The supervision and handling of this student course and the selection of students

were directed entirely by the executive department. Interest in the plan gradually waned,

although it is now impossible to attribute specific reasons for this decline in interest.

The committee is informed that it was concluded to abandon the course in 1916 and the

last student completed the outline of work in 1919. The majority of the graduates found

service in the operating department.

In looking back through the years, the impression is gained that the manner of

selecting candidates and the unsatisfactory showing made by an isolated few led to loss

of faith in and discontinuance of the plan. In passing, your committee wishes to observe

that it has reviewed the outlines and purposes of training courses offered by many out-

standing industrial concerns and has found none which can surpass the book issued by

the Southern Pacific on June 1, 1914, entitled "Student Course in Railroading".

The Delaware & Hudson Plan

Among the later training systems to be inaugurated was one developed in 1923 by

H. S. Clarke, engineer maintenance of way of the Delaware & Hudson. Briefly, this plan

was designed to give college men a special training to fit them in filling vacancies in the

engineering corps and in supervisory capacities in the maintenance department. The train-

ing course, given during the summer months, was offered to a selected group of from 35

to SO college juniors and seniors taken from 12 to IS colleges. The students were housed

in well equipped camp cars. During the earUer years of this summer camp operation, the

training was primarily in track maintenance but in 192S the course of instruction was

expanded to include railroad surveys and mapping of a very complete nature.

Records indicate that frequently as many as three college men would apply for each

opening on these summer camps which lasted approximately two months. The students

were paid $100 per month, less a nominal deduction for board and camp operation. Due

to the popularity of the course, the railroad was able to select a high average grade of

students. Although many of these students were later employed in permanent positions

where they were in line for advancement, the real problem arose from the railroads

inability to absorb all of the good men who desired to make railroading their career.

In addition to this training course, the Delaware & Hudson annually selected four

employees, either with or without college training, who showed particular aptitude for

railroad work. These men were assigned for approximately two months at a time to the

several heads of departments, including the maintenance, mechanical, car and transpor-

tation departments. Such of these employees who proved to have the proper qualifications
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were then assigned to supervisory positions. Because of business conditions and the

decline in railroad traffic, both this plan and the summer camp operation were discon-

tinued in 1932 and have not been since resumed.

Summary

In reviewing the experiences set forth in the foregoing paragraphs, your committee

feels that regardless of the discontinuance of the plans, they did prove that they could

attract a desirable type of man to the industry and it seems regrettable that they were

not continued.

In its next report, your committee hopes to review the experiences of a number of

railways which now have in effect successful plans for recruiting college men into their

ranks, and to describe those plans, how they are affected by the war effort and how the

recruiting program fits into the overall post-war planning of those railways.

Report on Assignment 4

Stimulate a Greater Interest in the Science of Transportation

Among University and College Students

And Create Thereby a Greater Appreciation of the Place of Transportation

in our National Economic Structure, Cooperating with Organizations

of University and College Students and Contributing to Their

Activities in Such Manner as May Be Mutually Arranged

R. P. Davis (chairman, subcommittee), Lem Adams, O. W. Eshbach, R. B. Kiltredge,

C. T. Morris, W. C. Sadler, F. S. Schwinn.

The time allotted to transportation engineering subjects, particularly railroad engi-

neering, has been steadily decreasing for many years in most engineering schools. This

has been due partly to the necessity of finding time for new subjects such as soil mechan-

ics, rigid frame structures, etc., and partly because fewer graduates go into railroad work.

This general feeling of the relative unimportance of transportation engineering as

compared with other civil engineering fields is typified by the civil engineering curriculum

set-up for the Army Specialized Training Program. In this curriculum 72 class hours of

work are devoted to transportation engineering as compared with 216 class hours in

structural and foundation engineering, or as compared with 120 hours in the hydrauhc

and sanitary fields.

The railroads should be interested in the college work that these ASTP men are

getting for after the war these men will form a large majority of the available supply of

technically trained young men.

Success in interesting students in transportation engineering depends on many factors,

among which are (1) outlook for good jobs, (2) availability of thorough and compre-

hensive courses of instruction, (3) presence of able and inspiring instructors, and (4) con-

tacts with the transportation industry.

Graduates are interested in going with those industries which appear to offer a good

future. They think of a good future in terms of a fair starting salary, an opportunity for

further training through company schools or by rotating job assignments, job security



264 Cooperative Relations with Universities

and opportunities for advancement. Training programs have been developed very suc-

cessfully by the electrical, motor, aeronautic, and some other industries. A general feeling

exists that the railroad industry has failed to recognize the importance of this work.

There is also a general feehng that job security and opportunities for advancement are

not so good in the railroad field owing to the seniority rules. A railroad career would be

more attractive to the young graduate if he believed that individual worth were made

to count for more than length of service.

To stimulate interest in the science of transportation among engineering students,

engineering curricula should be changed to offer more work in transportation engineering,

particularly in the form of electives. There is also a dearth of authoritative and up-to-

date textbooks in this field. Many schools still use Wellington's classic text entitled

"Economic Theory of the Location of Railways". The principles enunciated in this book

are still sound but much of the material is obsolete.

The Manual of the AREA ranks among the outstanding engineering publications

dealing with a specialized field. A textbook prepared by a railroad engineering authority,

based on the material in the Manual would be a most valuable help in developing railroad

engineering courses.

Those who teach transportation courses should be men who have had practical

experience in this field. The railroads could be of assistance to technical colleges by assist-

ing administration officers in finding instructors who could teach from experience as well

as from book knowledge. A number of industries make it a practice to employ instructors

during summer holidays, primarily to give them practical experience that can be carried

back to classroom instruction later. It would be helpful if the railroads would do likewise.

Nothing will stimulate interest in transportation more than contacts with men in

that field. One excellent source of contact is that of summer employment. This has been

done to some extent in the past but not on an organized basis. If a concerted effort were

made to place one or more boys in every accredited engineering school with some railroad

during the summer vacation, the resulting publicity would be very effective.

Many national technical societies have a student grade of membership. Particularly

in the case of the founder societies this has proved to be an extremely effective way of

arousing professional interest on the part of the students. As a result a very large per-

centage of graduates join their founder society immediately on graduation.

Another excellent contact would result if the railroads would invite students, when

on inspection trips, to visit railroad construction or operating projects. Most schools

have at least one required inspection trip lasting about a week, which usually comes in

the senior year. Civil engineering students usually visit steel rolling mills, bridge shops,

notable bridges, dams, water purification plants, sewage purification plants, etc. Only

rarely are railroad projects visited.

Many schools have engineering societies, usually under the sponsorship of the founder

societies. Students and faculty sponsors would be glad to schedule speakers on trans-

portation if the railroads would make speakers available.

Recently the Westinghouse Electric and Manufacturing Company adopted a plan

under which certain men of their staff were designated to serve as contact men between

the company and the technical schools of the country, each contact man being a graduate

of the school for which he is the contact man. It is the responsibility of these men to

help the company serve the schools in all possible ways. Possibly some such arrangement

might be made by the railroads as a beginning toward developing better cooperative

relations.
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Report on Assignment 5

Develop Means Whereby Facilities of the Universities May Be
Made More Directly Available for Research Work of the

Association and the Railway Industry

By Cooperative Effort Between the Staffs of the Universities and the

Committees of the Association

J. B. Babcock (chairman, subcommittee), Lem Adams, R. P. Davis, R. E. Dougherty,
O. W. Eshbach, B. R. Kulp, C. T. Morris, A. E. Perlman, Barton Wheelwright.

This is a progress report submitted as information.

In the previous report on this assignment. Proceedings, Vol. 44, 1943, il was stated

that one of the principal objectives of this subcommittee was the preparation of "a catalog

or directory of the facilities available and the work done in the laboratories of the leading

universities in order that this information may be available to any railway officer con-

fronted with a specific problem".

Attention was called in that report to the fact that the laboratories and other facil-

ities of the colleges were being used almost exclusively in connection with war activities

and that information collected at that time would not be representative of the facilities

available under normal conditions. This situation has been intensified during the current

year.

In the spring of 1943, the Army motivated its Army Specialized Training Program,

and in July 1943, the Navy's V-12 Program became operative. These have resulted in

major changes in the educational programs at most of the colleges. The facilities of the

engineering schools in many cases are now being used to their utmost capacity on spe-

cialized programs designed to fit the needs of the armed services for technically trained

personnel. Prior to the establishment of these two large scale programs, the facilities of a

number of colleges had already been devoted in large part to the training of special

groups of Army and Navy officers or officer candidates for various branches of these

services.

As a result of these conditions, the staff members at the colleges are now carrying

greatly increased teaching and administrative loads. In view of these unusual conditions,

no attempt has been made this year to collect detailed information as to facilities avail-

able for railway research in the universities throughout the country.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Recommended revision submitted in report on Assignment S page 270

2. Extent of adherence to specifications.

Progress report, presented as information page 268

3. Substitutes for wood ties.

No report.

4. Tie renewals and costs per mile of maintained track.

Progress report, presented as information page 270

5. Cause and control of splitting in railroad ties.

Progress report in form of recommendations for revision of Manual, sub-

mitted for adoption page 270

6. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Ties,

John Foley, Chairman.

AREA Bulletin 444, February 1944.
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Report on Assignment 2

Extent of Adherence to Specifications

W. D. Simpson (chairman, subcommittee), R. S. Belcher, T. E. Bliss, W. C. Bolin,

W. H. Brameld, H. F. Brown, W. J. Burton, F. G. Campbell, R. L. Cook, H. R.
Duncan, W. E. Gardner, B. D. Howe, C. T. Jackson, Roy Lumpkin, R. B. Midkiff,

E. F. Salisbury, Raymond Swenk, Sverre Thorvaldson, C. D. Turley, A. W. White.

This is a progress report, presented as information.

Unable to undertake the travel necessary in determining the extent of adherence to

specifications through observations of accepted ties, as has been its practice, the com-

mittee undertook by correspondence with its members and with contractors and pro-

ducers to learn the nature, extent, and effect of substandard inspection reported to it.

The committee is appreciative of the assistance rendered by those who were willing to

discuss the subject frankly.

The deficiency in general production which the committee reported last year con-

tinues, and it is still due to insufficient and inefficient labor and equipment. It is esti-

mated that the output of ties will be about 20 percent less than normal, which is a

matter of concern in view of the more extensive renewals required as a result of the

intensive wear incident to war traffic. As recommended by the committee last year, rail-

roads have made use of woods and of small sizes which they had not previously pur-

chased, and thus augmented their supplies. They have also adjusted their renewal prac-

tices to reduce the demand for ties to the minimum consistent with safety. Some Class U
ties have been installed without preservative treatment where sufficient Class T ties have

not been available. Some ties 8 ft. long have been purchased by railroads normally using

ties 8j4 it, long, for service in side tracks.

The temptation to relax standards under the stress of competition for ties which

prevails when the supply is less than the railroad demand, was increased in 1941 and

1942 while the contracts for war installations were being filled with ties accepted in dis-

regard of the specifications governing their purchase. The urgency of the military con-

struction and the employment of inspectors lacking experience with ties provided some

excuse for reckless acceptance of ties for war-agency installations; but this carelessness

on the part of government constructors resulted in procurement difficulties for railroads

maintaining standards of inspection consistent with their specifications.

None of the railroads asked to report any changes in their specifications or instruc-

tions to inspectors answered that the emergency conditions had altered its standards or

practices. Since the maximum price regulations of the Office of Price Administration are

based on AREA specifications for ties and the application of those specifications, any

railroad using another standard must appeal to OPA for prices to govern such a standard,

or accept and pay for its substandard ties as "serviceable rejects".

As was to be expected, both railroads and suppliers of ties declined to provide

specific information in verification of the rumors that substandard practices prevail.

The violation of price regulations involved in any departures from AREA standards

naturally made both consumers and producers reluctant to admit anything or accuse

anybody. However, the information received may be summarized as follows:

1. During the period when purchases for war plants absorbed a generous

portion of tie production, departures from AREA standards prevailed wherever

ties for war construction were obtained.
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2. Departures from standard inspection generally were confined to the accept-

ance of ties not thick enough or wide enough to meet the requirements of the

size paid for; the acceptance of prohibited decay, knots, shake, and split was not

common practice. Ties too long or too short are next to ties too narrow or too

thin in the category of careless inspection.

3. Inspection of ties by railroads was not as careless as that by most other

purchasers.

4. Faulty inspection was more prevalent in some sections of the country than

in others.

5. Subsequent to the first half of 1943 a decided improvement in the quality

of inspection took place.

6. Railroads in producing areas apply more lenient inspection than can be

applied by contractors buying ties to be inspected by other railroads.

7. Railroads accept and ship into wood preserving plants for creosoting ties

inspected less carefully than are the seasoned ties they accept from stocks owned

by the plants.

8. Use of inexperienced labor for hewing or sawing ties resulted in the pro-

duction of misshapen ties likely to be misjudged as to size.

9. Relaxation in inspection has been overemphasized, in the opinion of some

suppliers; they contend that reports of easy inspection are given prominence in

the hope of inducing liberal inspection by purchasers generally.

10. Some suppliers argue that the tolerance of ties thinner or narrower than

the standard does not result in the acceptance of ties whose service life is mate-

rially reduced thereby. (They befog the issue, which is simply that of paying a

Size-S price for a Size-4 tie or a Size-2 price for a Size-1 tie, as examples of what

happens when minimum dimensions are ignored.)

There is gratification to be realized in the knowledge that the departures from the

standard specifications in those particulars that definitely affect the life of the ties have

been far less frequent than the instances wherein substandard dimensions have been

overlooked. The committee feels that the existence of and experience with the definite

AREA specifications have been of great help in preventing general deterioration of tie

quality.

The fact that deviation from the standards has not occurred everywhere is evidence

that it was not necessary in the sections where it occurred.

Additional deterrents to continued careless inspection have been OPA checks of

dimensions and the prosecution of failure to adhere to AREA specifications. The excuse

offered in court for violations of the price regulation was that others in the same locality

accepted ties on the same substandard basis, which defense was not sufficient to prevent

the issuance of injunctions against offenders.

In those parts of the country where the greatest deviation was reported the situation

is rapidly improving and the committee believes that this is due to the realization by

those responsible of the futility of the practice and to the stabilizing of tie prices by

OPA. While there may be room for differences of opinion regarding the equitableness

of the prices in comparison with those for other forest products, the existence of ceilings

contributed to the control of a situation which could have been marked by competition

that would have been marked by recklessness as to price, quality, and size.
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The committee is convinced that no benefits have accrued from lenient inspection

and feels justified in repeating two paragraphs from its last year's report on this subject:

The problems presented by lessened production cannot be satisfactorily met

by lowering standards, for that does not hasten the production or increase the

quantity of ties; it only lowers the average life and the quality of service of all

the ties in a given stretch of track. Traffic of the present volume and character

needs the support of a substantial tie condition that can be produced most eco-

nomically by the use of longlived sound ties.

Your committee recommends vigilance to maintain the standards to which the

Association has adhered over a period during which they have demonstrated their

effectiveness.

Report on Assignment 4

Tie Renewals and Costs per Mile of Maintained Track

John Foley (chairman, subcommittee), S. B. Clement.

During 1942 the number and cost of the tie renewals per mile of maintained track

were higher than in any of the past five years, according to the data annually reported

to the Interstate Commerce Commission by railroads in the United States and to this

Association by the railroads in Canada, and presented in the folded inserts (Tables A
and B for 1942 statistics and Table C for those of the past five years and the average

of them). To make this information available as soon as possible, it was given advance

publication in Bulletin 439, June-July 1943.

Knowledge of conditions and practices on individual railroads is required for an

understanding of the differences in costs and quantities which appear in the tables. The

former are influenced by charges which do not correspond in character on every railroad,

as outlined in the 1929 and 1941 Proceedings.

Report on Assignment 5

Cause and Control o£ Splitting in Railroad Ties

R. E. Butler (chairman, subcommittee), R. S. Belcher, T. E. Bliss, W. C. Bolin, W. H.

Brameld, H. F. Brown, W. J. Burton, F. G. Campbell, S. B. Clement, R. L. Cook,

H. R. Duncan, W. E. Gardner, W. R. Gillam, B. D. Howe, C. T. Jackson, J. E.

Lockhart, Roy Lumpkin, R. B. Midkiff, E. F. Salisbury, Raymond Swenk, C. D.

^ Turley, A. W. White.

Your committee recommends the deletion of current page 3-25 of the Manual and

the substitution of the matter on pages 271 and 272, which includes specifications for

the strip-steel type of driven anti-splitting device.

The reason for the revision of the Manual is that there is no current complete AREA
standard for so-called tie irons. The chemical composition and shapes and sizes at present

provided for are no longer adequate. War conditions have necessitated the consideration

of more than one kind of steel and in widespread use the three kinds recommended have

proved that they can be formed and driven satisfactorily. The observations of the com-
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mittee have shown that effecti\e irons do not have to follow precisely the dimensions

given in the Manual. The recommended specifications avoid definite designs and dimen-

sions and thus do not commit the AREA to favoring only the three forms now illustrated;

but they provide sufficient control of general design and manufacture to assure an iron

which can be applied with minimum damage to the wood into which it is driven.

APPLICATION OF ANTI-SPLITTING DEVICES
1944

All hardwood ties (those from broadleaved trees) are subject to splitting and should

have anti-splitting devices applied.

Anti-splitting devices designed to control the splitting of ties during the period of

drj-ing preparatory to preservative treatment should be applied prior to or at the time

the ties arc dehvered to the storage yard and stacked for seasoning.

Anti-splitting devices driven into ties should be so placed as to cross at right angles

the greatest possible number of radial lines of the wood.

Irons 6 inches and longer should be used in tic sizes 3A, 4, .=! and 6.

Irons 5 inches and shorter should be used in tic sizes 0, 1. 2 and 3.

SPECIFICATIONS FOR DEVICES TO CONTROL THE
SPLITTING OF WOOD TIES

1944

Scope

These specifications cover only the type of anti-splitting device made from a strip

of steel and applied by driving it into an end (cross section) of a tie, and referred to as

an "anti-splitting iron" or a "tie-iron."

Material

The strips shall be hot-rolled open hearth, Bessemer, or shell steel, as may be stipu-

lated in the order for the irons.

Chemical Requirements

The steel shall conform to the following chemical composition:

Open Hearth Bessemer Shell

Steel Steel Steel

Carbon 0.25-0.35 0.15-0.25 0.45-O.SS

Manganese 0.40-0.60 0.30-0.60 0.60-O.QO

Phosphorous 0.050 Max. 0.110 Max. 0.035 Max.
Sulfur 0.050 Max. 0.060 Max. O.OSS Max.
Copper 0.20 Min. 0.20 Min. 0.20 Min.

Physical Requirements

The manufacturer may, at his option, substitute tension tests for the chemical anal-

ysis specified above. When this option is exercised:

(a) Phosphorous and sulfur shall not exceed the limits of the chemical requirements.

(b) One tension test shall be made for each lot of ten tons or fraction thereof.

(c) The finished strip shall conform to the following minimum ten.silc properties:

Strength, pounds per square inch 75,000

Yield point, pounds per square inch 40,000

Elongation in 2 inches, percent 20
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Design

Anti-splitting irons shall be of the shape and size stipulated in the order for them.

The radius of any bend in a strip forming an anti-splitting iron shall be not less than

l4 inch.

The ends of irons having semi-circular, reversely-bent arms shall parallel the body

portion of the iron for at least >4 inch and be not further from the body portion than

15-^ inch.

The distance from a line between the ends of the arms to the body portion of an

anti-splitting iron with divergent arms shall not exceed 2 inches.

The length of the body portion of any anti-splitting iron shall be not less than

4 inches.

Anti-splitting irons shall be bevelled for a width of fs inch on both sides to one

edge sharp enough to readily cleave any kind of wood suitable for ties.

Manufacture

Anti-splitting irons shall have smooth surfaces and be free of distortion, scale, jagged

ends, and blunt bevelled edge.

The dimensions of the steel strip in anti-splitting irons shall be not less than:

Thickness 0.083 inch
Width ^ inch
Length as required by the design

Variations

Variations (over or under) from dimensions specified shall not exceed:

Thickness O.OOS inch
Width of strip g^ inch
Width of bevel ^ inch
Length '. % inch

Inspection

Inspectors representing the purchaser shall have free entry, at all times while work
on the contract of the purchaser is being performed, to all parts of the manufacturer's

works which concern the manufacture of the material ordered. The manufacturer shall

afford the inspectors, without charge, all reasonable facilities to satisfy them that the

material is being supplied in accordance with these specifications. Unless otherwise agreed,

all inspection and tests shall be made at the place of manufacture prior to shipment, and

shall be so conducted as to not interfere unnecessarily with the operation of the works.

Delivery

Accepted anti-splitting irons shall be shipped by the seller in accordance with instruc-

tions in the order covering them, securely packed in containers marked with the name,

type, grade, and quantity of the material therein, and with the name of the seller and

the number of the buyer's contract or order.
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Committee

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

No report.

2. Service test records of treated wood.

Progress report, presented as information page 274

3. Destruction by marine organisms and possible ways of prevention.

Progress report, presented as information page 284

4. Specifications for creosote-petroleum mixtures.

Progress report, including specifications submitted for adoption page 291

5. Destruction by termites and possible ways of prevention.

Progress report, presented as information page 293

6. New preservatives.

No report.

7. Incising forest products.

No report. Experiments to date indicate small improvement in penetration

and retention. The study will be continued.

8. Use of straight coal tar for tie treatment and results obtained.

No report.

9. Critically review the specifications for creosote with attention to changes in

the process of manufacture and with regard to limiting the residue above

355 deg. C.

No report.

10. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Wood Preservation,

H. R. Duncan, Chairman.

AREA Bulletin 444, February 1944.
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Report on Assignment 2

Service Test Records o£ Treated Wood

A. J. Loom (chairman, subcommittee), H. A. Disc, O. E. Hager, F. W. Hillman, L. B.

Holt, R. S. Hubley, R. P. Hughes, O. C. Steinmayer, T. H. Strate, W. A. Summerhays.
This report is presented as information.

Report of special test records of ties are submitteii lor the following roads:

Chicago, Burlington & Quincy.

Chicago, Milwaukee, St. Paul & Pacific.

Inspection reports for 1943 are submitted also by the U. S. Forest Products Labo-

ratory covering the Hartford, Wis., Fair Grounds and University Avenue (Madison, Wis.)

test tracks of the Chicago, Milwaukee, St. Paul & Pacific.

Report of 33rd Annual Inspection of Chicago, Burlington &
Quincy Experimental Ties

The results of the 1942 inspection of the experimental ties in the tracks of the

Chicago, Burlington & Quincy are given in the accompanying tabulations. These ties were

laid in 1909 and 1910, some treated with coal-tar creosote by the full-cell process, with

10 to 12 lb. per cu. ft.; some with zinc chloride (Burnett process) with ^ lb. per cu. ft.;

some with a mixture of these two preservatives (Card process) with an absorption of

Yi lb. of zinc chloride and 3 lb. of creosote per cu. ft.; and some were untreated.

AvER.AGE Life of Untreated Ties in Years

Tolal Average
Kind Placed Years

Ash 116 S.l

Beech 208 S.O

Red Birch 217 3.6

Chestnut 259 9.7

Cottonwood 86 2.9

Cypress 225 8.3

White Elm 191 5.3

Hemlock 190 4.9

Hickory 110 5.5

Loblolly Pine 248 5.3

Hard Maple 122 4.7

Soft Maple 125 3.6

White Oak 125 11.1

Red Oak 204 5.3

Pin Oak 126 6.3

Poplar 126 5.3

Red Gum 152 4.1

Sycamore 131 3.3

Tamarack 175 S.l

Tupelo Gum 136 3.5

Total placed 3,272

Average life 5.6
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Report on Assignment 3

Destruction by Marine Organisms and Possible Ways of Prevention

W. F. Clapp (chairman, subcommittee), W. P. Arnold, S. J. Buckman, C. M. Burpee,
John Foley, H. E. Horrocks, B. D. Howe, M. F. Jaeger, R. E. Patterson, Hermann
von Schrenk.

This report which is presented as information, includes the results of such inspections

as have been made of those tests which are under the supervision of the committee.

PANAMA
The following report by Mr. James Zetek has been received through Major General

Glen B. Edgerton, governor of the Canal Zone:

The present inspection was made Tuesday, September 28, 1943. The last in-

spection was made on August 4, 1941. No examination was made during 1942

because of war activities. The construction of new dry docks north of dock 10

made it necessary to re-locate the test timbers.

The only suitable location at the time was between the concrete piers of

dock 8, south side of docks 8-10, along the approach to dry dock No. 1. On March
31 and April 1, 1943, this transfer was made, and the timbers were hung from
temporary supports under the south side of the dock, as shown in sketch S-SOOl-

113 (not reproduced here). In the meantime work was begun for the permanent

support. A 5^-in. galvanized iron chain was put across two piers, and from this

chain individual chains were suspended, each one holding one of the 17 timbers.

Two such installations were necessary. Report No. 2, and sketch S-5001-11S by
Engineer Rogan give the details of this permanent set-up. The transfer to the

permanent arrangement was made September 4, 1943.

When the timbers were first removed from their former location under the

recesses of the future flooding valves, timber No. 17 (red mangrove) was found

to be wedged in its former location and could not be removed. Since we have other

pieces of this same timber, its loss is not important.

The water in this sea approach to dry dock No. 1 has much oil, timbers and

debris which from the standpoint of satisfactory tests, is far from ideal. Engineer

Rogan accompanied me during the present inspection.

I summarize here, for convenience, the species of teredos and pholads which

have been found attacking timbers. I include the species report by Dr. W. F. Clapp

in Atwood and Johnson; some of these have only been identified to subgenus.

Bankia (Bankia) n. sp. "T" (Clapp), Atlantic

Bankia (Bankiella) n. sp. "X" (Clapp), Atlantic

Bankia (Neobankia) zeteki Bartsch, Atlantic & Pacific

Bankia (Nausitoria) jamesi Bartsch, Pacific

Teredo (Teredo) n. sp. "E" (Clapp), Atlantic

Teredo (Teredo) portoricensis (Clapp), Atlantic

Teredo (Neoteredo) miraflora Bartsch, Atlantic & Pacific

Teredo (Teredora) panamensis Bartsch, Atlantic & Pacific

Teredo (Zopoteredo) clappi Bartsch, Atlantic

Teredo (Psiloteredo) n. sp. Q (Clapp), Atlantic

Teredo (Lyrodus) n. sp. "G" <Clapp), Atlantic

Teredo (subgen. ?) n. sp. "F" (Clapp), Atlantic

Teredo (subgen. ?) n. sp, "Z" (Clapp), Atlantic
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Of these, Neobankia zeteki is by far the worst offender on the Pacific side.

The only pholads which we found plentiful and destructive are:

Martesis striata Linne

Hiata infelix Zetek & McLean

Thus far we found only the cosmopolitan Isopod Limnoria lignorum actively

at work on submerged timbers. I have not found any Sphaeroma, nor the

Amphipod Chelura. Limnoria attacks timbers at all levels from mid-tide to a

depth of about 40 ft. or more. Since at Balboa we have around 20 parts per 1,000,

we have optimum salinity for the gribble and should expect trouble from it.

In this and previous reports mention was made of marine growth on the test

timbers. I will give here only a brief summary of the organisms found on our

test timbers.

Several species of shallow-water sponges often are very plentiful. Sometimes

Hydroids and Tubularia (Coelenterates, Hydrozoa) appear in considerable num-
ber; corals as a rule have been rare. Of the Bryozoans, we have both the encrust-

ing colonies, which form a sort of calcified crust which gives support to other

organisms, and the branching, erect forms which resemble much the Hydroids.

The branching Hydroids are of no great importance.

Of the worms (Annelids) only the sedentary polychaets are important. Some-

times their calcareous tubes encrust almost the whole surface of timbers. We have

found several species of Serpulidae.

Of the Arthropods, only the barnacles (Cirripedia) are important encrusting

forms, usually always present, sometimes abundantly so. Since barnacles attach

themselves to the surface and thus cover up considerable area, they often close

up the opening to Teredo tubes. Crabs and similar Arthropods present on the

timbers have no importance—the same is true of starfish and brittle stars

(Echinoderms)

.

The Brachiopod, Discinisca cumingii, is often very abundant. These are ses-

sile, molIusk-Uke animals, the body enclosed in a horny bivalve shell. They are

sometimes extremely plentiful on our timbers. They are not destructive, in fact on

the timbers they are in a sense protective, but could be considered as fouling

organisms.

Of the moUusks, the Gastropods are largely unimportant, although sometimes

plentiful. The only ones that adhere to the surface of the wood, or on encrusting

organisms, are members of the family Calyptraeidae, principally Crepidula and

Crucibuhim. Sometimes I have found considerable number of Serpulorbis (family

Vermetidae) which have a tubular shell irregularly spiral at the apex, the balance

of the whorls rather free and extended. When plentiful these vermetids encrust

considerable surface.

The mollusks which encrust considerable areas are such as the oysters. They

are often very plentiful. A somewhat similar bivalve but smaller and with a much

thinner shell, of the genus Anoinia, often occupies large areas.

Ascidians (tunicates) very often are present in very large numbers on the

surfaces of the timbers.

Fine silt, and especially fine mud, are bad factors which interfere with the

teredo tests. In some cases it would appear that the timber is completely buried

in fine mud. Wherever in this report I state that the timber had much silt or mud,

the chain should be shortened as soon as possible. In fact, it may well be that
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there is a pradual silting up Roinj: on in Ihcsr recesses, so that more frequent

inspections may be required to be sure that the timbers arc in water and not in

mud.

1609-2 (26) CoNEPiA sp., "Anoura", Dutch Guiana, submerged September

13—1923. Considerable marine growth, mostly sponges, Hydroids, branching Bry-

ozoa, and many ascidians. No live Pholads. Gribble activity on all surfaces, one

side much more than the others. Teredos much as before, very small, close to sur-

faces, not plentiful nor serious. Much more damage done by the two Pholads,

but I do not know why no live Pholads were seen. Timber otherwise very sound.

1612-3 (29) DicoRYNiA Paraensis Benthan, "Basra Locus, Angelique",

Dutch Guiana, submerged September 13—1923. Considerable marine growth,

ascidians predominant, Hydroids, Serpulid worms. No live Pholads seen. Gribble

activity light, not deep. Teredos small and close to surfaces, seem to be more

plentiful than in Anoura, but are not serious. Otherwise this timber is very sound.

1608-4 (32) Parinarium ? Campestre Aubl., "Foengoe", Dutch Guiana, sub-

merged September 13—1923. Considerable marine growth, ascidians, sponges,

Hydroids, Serpulid worms. No live Pholads seen. Gribble activity on all surfaces,

rather very heavy on one side. Teredos are about as last time, small close to sur-

faces, and not abundant. Timber sound otherwise.

1610-5 (33) Licania Macrophylla Bentham, "Sponsehoede", Dutch

Guiana, submerged September 13—1923. Marine growth very plentiful, ascidians

very abundant, also Hydroids, some branching Bryozoans, and many sponges, also

some Annelid worms. No live Pholads seen. Gribble activity on all surfaces, deep

on one face. Teredos unimportant, small, close to surfaces. Except for the Pholad

damage which is severe (no new work, however), the timber is very sound.

1613-7 (34) Eschweilera Longipes Miers, "Manbarklak", Dutch Guiana,

submerged September 13—1923. Marine growth especially heavy, ascidians,

Hydroids, Bryozoans, sponges, Annelids, the brachiopod Discinisca cumingii, and

many oysters. In addition to these, also Crepidula and Crucibulum which are not

important. All Pholads dead. Gribble activity light, heavier on one face. Teredo

are few in number, small and close to surfaces—some are dead. Otherwise the

timber seems to be very sound.

1609-9 (35) Tristania Decorticata Merr., "Malabayabas", Philippine

Islands, submerged September 13—1923. Marine growth very abundant especially

Annelid worms, ascidians, Discinisca cumingii, many oysters, Crepidula (plentiful),

some Bryozoans. No live Pholads seen. Gribble damage is light, more on one face.

Limnoria present. Teredos are small, close to surfaces, seem to be few in number,

some at least dead. Except for previous Pholad damage, the timber is very sound.

1615-11 (36) Metrosideros sp., "Kajol Lara", Celebes, submerged October

26—1925. Marine growth heavy. Annelid worms, Bryozoans, Hydroids, Vermitidae,

oysters plentiful, Anomia, few sponges. No live Pholads seen. Gribble work very

light. Teredos, few, small close to surfaces. Otherwise the timber is in very good

shape.

1616-12 (23) Parastemon Urophyllum, "Kajol Malas", Sumatra, sub-

merged October 26—1925. Marine growth heavy on all surfaces, especially Annelid

worms, ascidians, Hydroids, and sponges. No live Pholads. Gribble work heavier

than in Kajol Lara, but in general very light. No indications of increased Teredo

activity. Teredos small, few, and near surfaces. Timber very sound otherwise.
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lh.^7-1,) (l.\) "Kolaka", Celebes, f;nbmergo<l April IS \'>M. Marine growth

not very heavy. sponRes, HyHroids, Annelid worms, asddians, a few crachiopods.

No live Pholads seen. Gril)hle activity all surfaces but not very deep nor rapid.

Teredos arc small, close to surfaces, and do not appear to be plentiful. Considerable

silt present. Timber very sound.

1617-14 (14) Mora Megistosperma (Pittier) Britt. & Rose, (Dimorphandra

oleifera Triana), "Alcornoque", Panama, submerged November 22—1927, all

heartwood. In previous reports I gave this as Dimorphandra mora B. & H. which

is a species of the Guianas. The proper designation for the Panama species is as

given above (see Record & Hess p. 295) 1943. This timber had no metal tag—it is

the last timber to the right in the series between manhole 1-2.

Marine growth was very abundant, especially heavy with sponges; some

Hydroids and Bryozoans, and a fair amount of ascidians. No live pholads were

noted. Gribble activity was very light. Teredos were apparently few in number,

all small, and close to the surfaces. The timber is in good shape and appears to

be quite sound. There was considerable silt present.

1625-22 (22) "Brush Box", New South Wales, submerged April 19—1929.

Considerable marine growth, especially sponges and ascidians, some Hydroids,

Bryozoans, oysters and Discinisca. No live pholads noted. Gribble work consider-

able on three sides, one side is quite clean. Teredos are not plentiful, small, near

to surfaces. The timber is quite sound.

1621-27 (27) Sync.'Vrpia Laurifolia, "Turpentine Wood", New South Wales,

submerged April 19—1929. Marine growth very abundant, especially Hydroids

and sponges, Annelid worms, also oysters, Anomia, and Discinisca. No live pholads,

but previous pholad damage is heavy. Gribble work rather light on all sides, some-

what heavier on one face. Teredos do not appear to be very plentiful but I sus-

pect that if we were to cut off a section that we will find some rather large ones.

However the timbers appear to be quite sound.

1646-17 (17) Rhizophora Mangle L., "Red Mangrove", Buenaventura,

Colombia, submerged .\pr\] 19—1940. This timber was wedged in so tightly in its

former location that it was not possible to remove it. Since we have others, it is

here considered as closed out.

1647-10 (10) Rhizophora Mangle L., "Red Mangrove", same data as pre-

vious one, submerged November 15—1940. Considerable marine growth, sponges,

Hydroids, Annelid worms principally. No pholads noted—some may be present.

Gribble work not enough to be noticed. Much silt present. Teredos extremely

plentiful, some very large.

It is recommended that this timber be removed from the test.

1648.-11 (11) Rhizophora Mangle L., "Red Mangrove", same data as the

previous two, submerged November 15—-1940. Much marine growth, especially

sponges, Hydroids, Bryozoans, ascidians, Vermetidae, Annelid worms, and oysters.

No pholads seen. Gribble work nil. This timber is in very bad shape, Teredos

extremely abundant throughout. There was also much silt and oil present.

It is recommended that this timber also be removed from the test.

1650-10 (19) Tabebuia Guayacan, "Guayacan", Panama, submerged Novem-
ber .27—1940. Much silt and fine, mud over it. Marine growth plentiful, oysters,

sponges, Hydroids, Annelid worms, etc. Some small pholads noted, living. No
marked indication of gribble activity. Many openings of Teredos noted. Teredos

living.
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1651-20 (20) Tabebuia Guayacan, "Guayacan", Panama, submerged Novem-
ber 27—1940. Marine growth especially abundant, sponges, ascidians, Vermetidae,

Annelid worms, oysters, Discinisca, Hydroids, Bryozoans, etc., a great assortment.

Much silt and fine mud, appears to be resting on the bottom. No marked evidence

of gribble activity. Some pholads noted, alive. Many openings of Teredo seen,

and a few of the Teredo burrows which I cut open were %-iTi. in diameter. It

would appear that the Teredo has taken a better hold here than appears from a

superficial examination, but the timber is very far from being honey-combed.

1649-30 (28) PisciDiA sp., "Matasano", ? Chatham Island, Galapagos, sub-

merged November 23—1940. Not much marine growth, a few oysters, otherwise

the surfaces are quite clean. Much silt and fine mud which seems to indicate the

timber is resting on the bottom. No indications of gribble activity. No pholads

seen. The Teredos seem no more plentiful than last time, all small, and few in

number.

Steward 1911 "A Botanical Survey of the Galapagos Islands", Proc. Calif.

Acad. Sci., Ser. iv. Vol. 1, page 76, gives Piscidia Erythrina L. as from Chatham
Is., Wreck Bay, a common tree, and Indefatigable Is. (Academy Bay), fairly com-

mon, increasing in size with elevation (800 ft.) forming good sized trees. He gives

Mexico, the West Indies, and South America as further distribution of the species.

It occurs also on Jamas Island, Galapagos.

Ichthyomethia is another name for Piscidia (See Record and Hess, 1943,

page 308) . A specimen of this same wood in our termite tests is as clean and good

today as when we first installed it in the test.

Test Piles

The test piles at Tiburon, Calif., were inspected on March 23, 1942 and the following

report has been received from Mr. W. H. Kirkbride.

Pile No. 44—Checked 14 in. long, y^ in. wide, south side. Small hole 2 in. deep, south

side.

Pile No. 43—Slight check about 2 in. long, west side.

Pile No. 42—As previously reported—Two checks % in. wide by 6 ft. long and one hole

lJ/2 in. wide, 8 in. long by 2 in. deep on south side. Three holes in west

side, one 4 in. long by 4 in. deep, one 4 in. long by 3 in. deep and one

2 in. long by 3 in. deep. Prominent check on east side ^ in. wide by 4 ft.

long. Three small holes in east side. Checks are deeper. Pile appears well

"honey-combed" below high tide line.

Pile No. 29—Same hole enlarging and getting deeper. Slight checks on north and east

sides.

Pile No. 28—As a result of recent wharf work, pile has been drifted to a cap. Pile appears

good.

Pile No. 19—This pile is gone.

Pile No. 45—This pile is gone.

There is no material difference in the condition of the piles than when they were

inspected in 1941.

At San Pedro, CaUf., all of the piles which remained in the test in 1940 have now
been destroyed by fire and accident. This series of tests is, therefore, closed.

At Long Beach, Calif., the report from Mr. W. H. Kirkbride of an inspection on

January 4, 1943 is as follows:

Dock A—Pile 7 No sign of any marine borers. Covered with oil.
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Dock A—Pile 33 Covered with fish slime and oil. No noticeable change since the in-

spection of December 13, 1941, when the piles were 35 percent eaten

away by Limnoria.

Dock E—Pile SO Covered with oil. No change since the inspection of December 13, 1941

when 83 percent of the pile was reported as having been eaten away.

Pile 51 Condition good. No change.

Pile 52 Condition good. No change. Covered with oil.

Chemical Warfare Service Specimens—Series No. 2

The test series was composed of two duplicate sets of test timbers, each timber

approximately 2 ft. in length, cut from round piles 5 in. to 6 in. in diameter. These

timbers were treated with various retentions of creosote, petroleum and mixtures con-

sisting of the above named materials with certain toxics as described in previous annual

reports.

The two sets of timber were designated as Series 13 and Series 14 and were secured

by means of a steel cable pulled through holes bored through the center of the side of

timber, forming one bundle for each series. Series 13 was submerged at the inner end of

the East side of the wharf and Series 14 was submerged at the inner end of the West

side of the wharf.

At some previous time, apparently, the position of some of the individual timbers

was changed so that there were some of both series in each bundle.

The inspection made on August 10, 1943 revealed that sometime during the past

year the wire cable suspending the tests on the West side of the wharf had parted at a

point where it passed through the holes in the timbers and the timbers were lost.

The cable suspending the series submerged on the east side of the wharf was intact,

but in poor condition. This cable was replaced. It was found that only five timbers

remained—four treated and one untreated control. These were all resubmerged at the

time of the inspection, on the inner end of the East side of the wharf.

Specimen Treatment Series No. 13 Series No. 14

A Creosote (21.6 Lb. Timber in excellent condition. Marine Lost

cu. ft.) growth consisted of a few 50mm
Mytilus Edulis, few dead Balanus, sev-

eral large colonies of the encrusting

Bryozoan, Electra crustulenta. Also
many Metridium measuring 25-25mm
in diameter at the base. Timber had a

few unoccupied Limnoria tunnels in the

end with no tag. Some, preservative

evident beneath surface. No trace of

Teredo.

B Creosote plus 0.71 Lost • Lost
percent Methyl ar-

senious oxide (21.0

Lb. cu. ft.)

C Creosote plus .77 Lost Lost
percent dinitrophe-

nol (23.7 Lb. cu.

ft.)

D Creosote plus 23^ One half surface covered with colonies Lost
percent dinitrophe- of Electra crustulenta. Few Molgula
nol (23.7 Lb. cu. citrinz. One colony of Bugula. Few 20-

ft.) 25mm Metridium. No trace of marine
borers. Preservative very plentiful be-

neath surface of wood.
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Specimen

£

H

Treatment

Petroleum residium
plus 2y^ percent

dinitrophenol (22.5

Lb. cu. ft.)

Petroleum residium
.84 percent methyl-
arsenious oxide

(17.5 Lb. cu. ft.)

Petroleum residium
.87 percent diphe-

nylamine chlorar-
sine (16 Lb. cu. ft.)

Control

Series No. 13

Lost

Growth same as No. 13-A. Timber has
few unoccupied Teredo tubes with
traces of Limnoria. Some tubes evident
in one end. Preservative very plentiful

in the wood.

Lost

Series No. 14

Lost

Lost

Growth same
as No. 13-A.

In good con-

dition

Preservative

very plentiful

No ControlTimber riddled by teredo. No live spec-

imens found. Limnoria have been active

so that only % of original diameter re-

mained. No live limnoria found but
timber shows definite evidence of activ-

ity since 1942 inspection. Loss of

diameter may be also due in part to

mechanical abrasion since teredo had
previously damaged wood.

The New England Marine Piling Investigation, has been continued under the direc-

tion of Mr. T. G. Sughrue, chief engineer of the Boston and Maine Railroad. During

this, the tenth consecutive year of this investigation there has been no marked change

in the conditions along the North Atlantic coast. A light attack by teredo navalis occurred

at Liverpool, Nova Scotia, the first which has been recorded since 1936.

The New York Marine Pihng Investigation has also been continued under the direc-

tion of Mr. W. P. Hedden, Port Authority of New York. In this area there also has been

no change in marine borer activity or in the marine plants and animals which have been

recorded during the past five years from the locations where Test Boards have been

operated.

Testing Station, Newport, Mass.'

Tests of 20 pile sections treated to refusal with high residue creosotes (50 percent

and 75 percent) were submerged at this station on April 1, 1940. An inspection of these

piles on August 26, 1943 indicated that none had been attacked by marine borers.

Tests of 30 pile sections^ 10 of which were treated to refusal with creosote, 10 with

a 50/50 coal tar creosote solution and 10 with coal tar were submerged at Newport on

May 29, 1936. None of the piles in this scries showed attack by marine borers when

inspected on August 26, 1943.

Testing Station, Woods Hole, Mass.'

Test of 12 pile sections of Douglas fir with a creosote retention of approximately

12 lb., was submerged at this station on June 1, 1942. These test piles were not sufficiently

heavy to remain permanently submerged. Nine of the twelve were lost. The three remain-

ing on test showed no trace of marine borer activity when inspected on July 21, 1943.

A series of 20 Southern yellow pine pile sections treated to refusal with various solu-

tions of coal tar and creosote were submerged at this station on June 1, 1942. None of

the tests in this series have been lost and none showed any trace of marine borer attack

on July 21, 1943.
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Testing Station, Almirante, Panama'

Tests of 5-ft. Icnjiths of Southern yellow pine piles, 20 of which were treated with

high residue creosotes, 20 with low residue creosote and ten controls were submerged at

this station on October 22, 1940. An inspection on September 3, 1943 showed that none

of the treated specimens had been attacked by marine borers. All of the controls showed

heavy teredo attack—two of the controls having been completely destroyed.

Report on Assignment 4

Specifications for Creosote-Petroleum Mixtures

R. S. Belcher (chairman, subcommittee), Walter Buehler, G. B. Campbell, H. B. Car-

penter, H. A. Dise, W. R. Goodwin, F. W. Hillman, B. D. Howe, R. S. Hubley,
R. P. Hughes, M. F. Jaeger, A. L. Kammerer, A. J. Loom, L. B. Shipley, G. C.

Stephenson, T. H. Strate, J. E. Tiedt.

This report is a continuation of that presented last year, which appears in the Pro-

ceedings, Vol. 44, 1943, page 642. It is presented as information except for specifications

for petroleum which are submitted for adoption. As stated in last year's report, the

as.signment has been divided into seven phases as follows:

1. Effect of preservative treatment by use of creosote-petroleum.

2. Reasons for and extent of use of creosote-petroleum solutions.

3. Specifications for creosote-petroleum treatment.

4. Specifications for petroleum for blending with creosote.

5. Specifications for creosote for blending with petroleum.

6. Specifications for various creosote-petroleum solutions that may be used for

preservative treatment.

7. Methods of analysis of creosote-petroleum solutions that may be used for

preservative treatment.

Phases 1, 2 and 3 were covered in last year's report. This year your committee

reports on phases 4, S, 6 and 7, as follows:

4. Specifications for Petroleum for Blending with Creosote.—As a result of its study

of this phase of the assignment, your committee recommends the adoption and inclusion

in the Manual of specifications for petroleum for blending with creosote which appear

as Appendix A of this report. These specifications are identical with those of the Amer-

ican Wood-Preservers' Association (Standard 49 c). Your committee is of the opinion

that uniformity of specifications for preservatives is highly desirable.

5. Specifications for Creosote for Blending with Petrolevm.—It is the opinion of the

committee that the present is not an opportune time to recommend a change in the

creosote specifications now in the Manual, or an additional specification for creosote for

blending with petroleum. Therefore, it is recommended that for the duration at least,

creosote meeting the specifications of this Association (page 17-11 of the Manual) be

considered as satisfactory for blending with petroleum.

6. Specifications for Various Crepsote-Petroleum Solutions that May Be Used for

Preservative Treatment.—Specifications for creosote-petroleum solutions should include,

in addition to creosote and petroleum satisfactory for blending, proportions of creosote

and petroleum recommended for use where given retentions of creosote-petroleum solution

1 For detailed description of these tests see Proc. Amer. Wood Pres. Assoc, 1942, pp. 386-399.
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are to be required. During the past year or two, some roads have found it necessary to

change these proportions and use a smaller percentage of creosote than was former prac-

tice; others have not found a change of this kind necessary. Your committee therefore

does not at this time recommend any definite proportions of creosote and petroleum,

recommending only that creosote meeting the specifications of this Association and

petroleum meeting the specifications given in Appendix A be used for making creosote-

petroleum solutions.

7. Methods of Analysis of Creosote-Petroleum Solutions that May Be Used for

Preservative Treatment.—The recommendation is made that Committee 17 collaborate

with Committee 4, Preservatives, of the American Wood-Preservers' Association which

for some years past has been making a careful study of this problem to the end that

satisfactory and uniform methods of analysis be developed.

Appendix A

SPECIFICATION FOR PETROLEUM FOR BLENDING
WITH CREOSOTE

Petroleum for blending with creosote shall conform to the following requirements:

1. Specific Gravity

Specific gravity at 60 degrees F./60 degrees F. not less than 0.Q6 (not greater than

1S.9 degrees, A.P.I.) . ASTM Method of Test for Gravity of Petroleum and Petroleum

Products by Means of the Hydrometer, Designation D 287.

2. Water and Sediment

Water and sediment (B.S. & W.) not more than 1 percent. ASTM Method of Test

for Water and Sediment in Petroleum Products by Means of Centrifuge, Designation

D 96.

3. Flash Point

Flash point not less than 215 degrees F. as determined by the Pensky-Martens closed

tester. ASTM Method of Test for Flash Point by Means of the Pensky-Martens Closed

Tester, Designation D 93.

4. Viscosity

The viscosity shall be not less than 40 seconds and preferably not more than 60

seconds, although oils of higher viscosity may be used, provided that penetration require-

ments are met. The purchaser may specify the viscosity best suited to his requirements,

allowing the supplier a tolerance of plus or minus 10 percent of the value specified.

Viscosity shall be in terms of Saybolt Universal seconds at 210 degrees F. ASTM Method

of Test for Viscosity by Means of the Saybolt Viscosimeter, Designation D 88.

Each of the foregoing determinations shall be made in accordance with the ASTM
method currently in effect.
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Report on Assignment 5

Destruction by Termites and Possible Ways of Prevention

Hermann von Schrenk (chairman, subcommittee), S. J. Buckman, W. F. Clapp, John
Foley, O. E. Hager, F. W. Hillman, B. D. Howe, M. F. Jaeger, W. A. Summerhays.

This report is presented as information.

In the report made last year the committee stated that the exposure test plot at

Florissant, Mo., was to be left undisturbed for another year. It was the intention this

year to make a detailed examination of the posts in this experimental section, but due to

the extraordinary weather conditions prevailing during the past summer, it was found

impracticable to do so. On this account the committee has again postponed the examina-

tion. After all, this is not to be regretted because an additional year or two will show

more conclusive results than would have been possible two years ago.

jFig. 1.—Nest of Eultrmes Triodiac.

The committee calls attention to the publication of an interesting new report by

Dr. Thomas E. Snyder entitled "Effectiveness of Wood Preservatives in Preventing Attack

by Termites," Circular No. 683, September 1943, U. S. Department of Agriculture, which

may be obtained by writing to the Superintendent of Documents, U. S. Government

Printing Office, Washington, D. C.—price 10 cents (stamps not accepted).
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Fig. 2.—Nest of Hamitermes Meridionalis.

The chairman of the committee wishes to acknowledge the receipt of an extremely

interesting volume entitled "Termites from the Australian Region" by Gerald F. Hill of

South Coast, New South Wales, Australia. This is largely a description of the various

species of termites found in the arid region in which Mr. Hill lives. At the end of the

volume there are 24 prints showing characteristic termite structures. Figs. 1 and 2 show

two nests and give a good idea of the enormous quantity of material which these insects

bring up from the ground, some of such size as might almost be called buildings.



Report of Committee 1—Roadway and Ballast

F. W. HiLLMAN, Chairman, J. A. Gi\'en L. S. Rose, Vice-Chairman,
F. W. Alexander A. T. Goldbeck J. M. Podmore
H. S. Ashley Albert Haertlein C. S. Robinson
F. W. BiLTz A. R. Jones L. H. Roden
A. E. BoTTS A. D. Kennedy A. J. Roof
Clifton Brannon O. N. Lackey R. G. Scott

H. F. Brown H. W. Legro E. M. Smith*
G. H. Burnette E. R. Lewis W. C. Swartout
H. B. Bussing Paul McKay Raymond Swenk
F. W. Capp G. W. Miller H. M. Tremaine
Paul Chipman W. S. Moore C. D. Turley
B. H. Crosland C. p. Nicholson H. E. Tyrrell**
A. P. Crosley J. A. Noble Stanton Walker
L. J. Drumeller M. C. Patton G. B. Wall, Jr.

R. L. Dyke G. W. Payne C. S. Wicker
Herbert Ensz H. P. Pickering P. H. Winchester
H. L. ExLEY Committee

*Died November 29, 1943.
**Died December S, 1943.

To the American Railway Engineering Association:

Your committee reports on the following subjects:

1. Physical properties of earth materials:

(a) Roadbed. Load capacity. Relation to ballast. Allowable pressures.

Revision of Manual, submitted for adoption page 298

2. Natural waterways: Prevention of erosion.

Final report, submitted for adoption page 298

3. Culverts:

(a) Specifications for structural plate pipe and arches.

Final report, submitted for adoption page 298

(b) Investigate the use and design of wood culverts.

No report.

(c) Specifications for asphalt coating and paving of corrugated iron culvert

pipe, collaborating with Special Committee on Waterproofing of Rail-

way Structures.

Progress report, presented as information page 299

(d) Revision of Manual—Specifications for corrugated metal pipe for sub-

drainage page 300

4. Formation of the roadway: Recent grading projects.

Progress report, presented as information page 300

5. Roadway drainage: Adherence to recommended practice.

Progress report, presented as information page 303

AREA Bulletin 444, February 1944.

295
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6. Roadway protection:

(a) Stabilization of roadbed: Report on methods used.

Progress report, presented as information page 304

(b) Structural support; struts; piling.

No report.

7. Tunnels: Report on recent tunnel construction and maintenance problems.

Progress report, presented as information page 30S

8. Fences:

(a) Corrosion-resisting fence wire, collaborating with appropriate subcom-

mittees of Committee A-5 on Corrosion of Iron and Steel, ASTM.

Progress report, presented as information page 307

(b) Investigate extent of use of concrete fence posts.

No report.

9. Signs: Specifications and plans for telltales—overhead and side.

Specifications for One, Two, Three and Four Track Overhead Metal Warn-
ing and Metal Side Warning, submitted for adoption .' page 309

10. Ballast specifications.

(a) Prepare consolidated specifications for prepared ballast of crushed stone,

crushed slag and gravel.

Final report, presented for adoption page 312

(b) Review specifications of leading railroads to determine conformity with

AREA recommendations.

Final report, presented as information page 316

(c) Report on use of chats ballast with recommendation as to whether or

not AREA should prepare specification.

Final report, presented as information page 329

11. (a) Ballast cleaning.

(b) Study the use of ballast for out of face surfacing to determine proper

type and height of life.

No report.

12. Ballast test: Study the effects of tamping.

Progress report, presented as information page 329

13. Special ballast:

(a) Investigate the use of asphalt in ballast.

Progress report, presented as information page 330

(b) Use of grout in ballast.

Progress report, presented as information page 332

14. Specifications for riprap.

Progress report, tentative specifications submitted as information page 333
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IS. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Roadway and Ballast,

F. W. HiLLMAN, Chairman.

etitoarti Movvii ^mitf)

Edward Morris Smith, assistant engineer, Boston & Maine Railroad, and a member
of the Committee on Roadway and Ballast and its predecessor, the Committee on

Roadway, since 1924, died on November 29, 1943.

Mr. Smith was born in North Hampton, Mass., January 28, 1866, and after being

graduated from Massachusetts Institute of Technology in 1888 and brief employment

with the Baldwin Locomotive Works at Philadelphia, he entered the service of the Boston

& Maine as a rodman in 1890, and thereafter was continuously in the employ of that

property until his death. He became a member of the AREA in 1921, and in addition

to his service as a member of Committee 1, he served for two years as a member of the

Committee on Rules and Organization.

Mr. Smith's faithful attendance, his constructive discussion in committee meetings

and his unusually retentive memory were invaluable to his associates. Following his retire-

ment from active service, he had maintained keen interest in matters affecting railroads.

The Committee on Roadway here records its appreciation of Edward M. Smith's

conscientious and helpful service and its deep regret at his passing.

J^arrp Cbtoarb l^prrell

It is with a deep feeling of regret that the members of Committee 1 record the death

on December 5, 1943, of Harry Edward Tyrrell, chief engineer, maintenance of way and

structures, Central Lines, Southern Railway System, at Knoxville, Tenn.

Mr. Tyrrell was born July 31, 1882, at Philadelphia. After two years' service with

the American Bridge Company, a short period with the Norfolk & Western and other

employment, he entered the service of the Southern Railway in 1906, being employed in

various capacities from rodman to the position he held at the time of his death. Mr.

Tyrrell became identified with the Association in 1919 and served as a member of the

Committee on Roadway from 1920 until 1929, the Committee on Ballast from 1929 until

1934 and the Committee on Roadway and Ballast from 1938 until his demise, at which

time he was acting as chairman of the Subcommittee on Drainage.

The thoroughness and excellent judgment which he applied to his committee work

and the pleasing personality which he manifested at all times will be greatly missed by

his associates on the committee.
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Report on Assignment 1

Physical Properties of Earth Materials

H. W. Legro (chairman, subcommittee), A. E. Botts, H. F. Brown, F. W. Capp, Herbert
Ensz, Albert Hacrtlein, E. R. Lewis, A. J. Roof, R. G. Scott.

Your committee recommends that the following change be made in the Manual:

Substitute the word "footing" for "foundation" in the definition of Foundation Pit

in the Glossary, page 19, so that it will read:

Foundation Pit.—An excavation made for laying the footing of a .structure.

Report on Assignment 2

Natural Waterways : Prevention of Erosion

L. S. Rose (chairman, subcommittee), F. W. Biltz, R. L. Dyke, G. W. Miller, C. P.

Nicholson, M. C. Patton, C. S. Robinson, H. M. Tremaine, C. D. Turley.

Last year your committee presented for adoption a report on prevention of erosion,

which embraced a particular phase of this subject, namely. Reduction of Gradient, Check

Dams (Proceedings, Vol. 44, 1943, pages 490-497; and comments in the Discussion,

pages 695-697). However, because of certain objections which were embodied in the

written discussion, the committee of Board members appointed by President Clarke to

review reports of committees withheld your committee's report from letter ballot, and

referred it back to the committee for further study.

These comments have been taken into consideration during the year by your com-

mittee, and the report is now resubmitted for adoption and publication in the Manual

with the following revisions:

1. Change the third paragraph under "Channels and Levees" (Proceedings, Vol. 44,

1943, page 494) to read as follows:

In small streams, where levees are within the working range and where low stream

flow permits, the channel work may be performed by a shovel working within the

channel. On larger streams drag lines or other modern machines may be necessary. The

side slopes and channel beds should be hand dressed to uniform line and grade to insure

smooth hydraulic action.

2. Change the fourth paragraph under this .same heading by adding a sentence as

follows: "Observation of performance should be made during the time of first heavy

runoff to determine adequacy."

Report on Assignment 3(a)

Specifications for Structural Plate Pipe and Arches

W. C. Swartout (chairman, subcommittee), J. A. Given, Paul McKay, G. W. Miller,

M. C. Patton, C. S. Robinson, A. J. Roof, R. G. Scott, H. M. Tremaine.

The Specifications for Structural Plate (trade names Multi-plate and Sectional Plate)

Culverts and Arches were presented to the Association in 1943 with the recommendation

that they be adopted and published in the Manual. However, because of certain criticisms
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offered in written comments on these specifications, the Board Committee on Review

withheld them from the letter ballot and they were referred back to your committee for

further study.

Your committee has taken the various criticisms into account and now resubmits

the specifications for adoption with the following modifications from the form in which

they were presented in the Proceedings, Vol. 44, 1943, pages 500 to 506, inclusive:

1. Section 12, page 502, insert the word "Minimum" at the beginning of the heading

so that it will read:

12. Minimum Gage of Side and Top Plates for Pipe Structures

2. Table 3, page SOS, add the following footnote:

Note.—^Top and bottom sills shall have a thickness of not less than 4 inches and a

width equal to the largest end dimension of the struts. Compression caps shall be

square in cross section with each side equal to the least end dimension of the strut.

3. Section 23, page 506, third paragraph, second line, change the word "blocks" to

"caps".

4. Add Fig. 1 at the end of Section 23.

END VIEW LONGITUDINAL SECTION
THRU CENTER OF PIPE

Fig. 1.—Method of Strutting.

Report on Assignment 3(c)

Specifications for Asphalt Coating and Paving of Corrugated
Iron Culvert Pipe

Collaborating with Special Committee on Waterproofing of

Railway Structures

W. C. Swartout (chairman, subcommittee), J. A. Given, Paul McKay, G. W. Miller,
M. C. Patton, C. S. Robinson, A. J. Roof, R. G. Scott, H. M. Tremaine.

The committee has been at work for nearly two years seeking to develop a specifica-

tion which would insure simplicity in the test apparatus as well as in the sampling of
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am- size or length of pipe included in a shipment. The first draft of such a specification

has been prepared but it has not been submitted to the full committee for study and

criticism. AccordinRly, it is requested that the subject be re-a.s.si{jned for further study.

Report on Assignment 3(d)

Culverts: Revision of Manual

W. C. Swartout (chairman, subcommittee), J. A. Given, Paul McKay, G. W. Miller,

M. C. Patton, C. S. Robinson, A. J. Roof, R. G. Scott, H. M. Tremaine.

Your committee recommends the following change in the Specifications for Corru-

gated Metal Pipe for Subdrainage:

In Table 1 on Manual page 1-18.02, revise the heading for column 3 to read:

Total Number of Rows When in Two Groups

Also, shift the word "Perforations" which now appears at the head of column 2 so

that it appHes to both columns 2 and 3.

The proposed change in the heading of column 2 has the effect of restoring it to the

form in which it appeared in the committee's report. Proceedings, Vol. 44, 1943, page 498.

The change to the wording shown in the Manual, "Total Number of Rows for Each Group

When Two Groups Are Used" was made at the request of the committee of the Board

of Direction that reviewed the committee reports last year. However, a careful check of

the effect of this change demonstrates that it requires the placing of a large proportion

of the perforations above the mid-diameter, and that in pipes of small diameters it calls

for more holes than can be properly spaced.

Report on Assignment 4

Formation of the Roadway: Recent Grading Projects

Paul Chipman (chairman, subcommittee), F. W. Alexander, H. S. Ashley, Clifton

Brannon, G. H. Burnette, Herbert Ensz, J. A. Given, Albert Haertlein, E. R. Lewis.

This report is presented as information with the recommendation that the subject

be continued.

It is a continuation of the matter presented last year (Proceedings, Vol. 44, 1943,

pages S07-S12), which outlined the methods used and the results obtained in constructing

earth fills on 10 major projects carried out in the years 1932 to 1941, inclusive.

In 1941 and 1942 little work of this kind was done. Three of the four projects now
reported are short branch lines, on which main Hne standards of construction were not

essential; but the grading was heavy, and methods were used that would insure stable

embankments. The remaining project is a main line relocation which involved heavy

grading and on which the most modern methods and equipment were used. Heavy haul-

ing equipment was used on all four projects.

The Kettle Falls-Boyd branch of the Great Northern averaged 70,000 cu. yd. per

mile, 23 percent of which was rock. Fills were built in eight-inch layers and hauling

equipment was routed to obtain compaction. The Cub Creek branch of the Virginian

averaged 32,000 cu. yd. per mile, 43 percent of which was rock. Fills were practically all
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of mixed earth and rock and were not built in layers. The Quinwood branch extension

of the Chesapeake & Ohio averaged 116,000 cu. yd., of which 42 percent was rock, and

28,000 cu. yd. of which came from a 961-ft. tunnel. The fills were for the most part

made of mixed earth and rock, spread by bulldozers, but not in definite layers.

The relocation between Mercer and Mill Grove on the Chicago, Rock Island & Pacific

is on the main line between Chicago and the Southwest. It averaged 116,000 cu. yd. per

mile, of which 16 percent was rock, with fills up to 60 ft. Earth embankments were built

in eight-inch layers and rolled. Proper moisture content to secure a high degree of com-

paction was required. Sprinkling was not found necessary, but dry material was added

at times to reduce the moisture content. Rock in fills was placed in two-foot layers and

compacted by hauling equipment, and 7,600 cu. yd. of unstable material were removed

from the site of a fill and backfilled in an adjacent swamp. This project is described in

Railway Age of October 23, 1943.

Owing largely to its recent completion, information as to settlement on this work is

incomplete. It is the intention to cover this feature in subsequent reports and also the

behavior of fills on projects heretofore reported.

Available information in regard to these four projects is shown in the five tables,

which follow the form used in the report made last year.

Report on Assignment 5

Roadway Drainage: Adherence to Recommended Practice

H. E. Tyrrell (chairman, subcommittee), F. W. Biltz, L. H. Roden, A. J. Roof, R. G.
Scott, E. M. Smith, H. M. Tremaine, C. D. Turley, G. B. Wall.

This report is presented as information.

The study of this subject this year has not produced any information that would

warrant changing the conclusions reported last year, but it does indicate the seriousness

of roadbed drainage problems because of higher train speeds and denser traffic, and the

earnest efforts being made on many railroads to solve those problems or reduce to a

minimum the aggravation which such problems cause. The information developed also

reflects the close relationship between roadbed stabilization and roadbed drainage.

Some railroads go beyond recommended practices in studies of roadbed soils to

determine whether replacements should be made, and others are enlarging on some of the

recommended practices by undertaking drainage projects of greater magnitude than

recommended practices would warrant.

Grading and ditching by off-track equipment has become an important factor in

drainage, as with such equipment, cuts may be widened at low costs permitting the forma-

tion of wide deep side ditches which, with or without sub-surface pipes, provide quick

efficient roadbed drainage channels. Such equipment has also been used to good advan-

tage in cutting down shoulders of fills formed of clay or other dense soil, below shallow

water pockets, replacements of such material being made with material pervious to water.

Creosoted and cypress timber for sub-surface drains have come into extensive use.

Such material may be formed into drain boxes of any desired size and length; it has long

life and will not be permanently damaged by ordinary disturbances, such as deep frosts.

On a dense traffic line of one major system good results have been obtained from a

series of cross drains, with parallel outlet drains formed either as roadbed ditches or sub-

surface drains between the tracks. Sub-surface drains where used are 3 ft. by 2 ft. 9 in.
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constructed of creosoted timber laid with a uniform grade well below the deepest water

pocket to be drained.

Cross drains arc located at intervals of not less than 15 ft.; they are 4 ft. wide, car-

ried to a depth of not less than 2 ft. below the bottom of the water pocket with a uni-

form bottom grade to the outlet drain or ditch, the bottoms arc covered with a thin

layer of quick drying waterproofing material on top of which a layer of cinder to a depth

of 12 in. is applied.

A timber mat composed of two layers of 3 in. by 12 in. creosoted plank securely

spiked close together is laid on top of the layer of cinder covering the full width of the

trench and extending to the outlet ditch or box drain, the lower layer lengthwise of the

trench, the upper layer crosswise. The remaining trench is then backfilled to the top of

the roadbed with cinder.

These brief comments arc made as a progress report and to point out to the Asso-

ciation that roadway drainage is an active problem to maintenance of way men and

that its further study may bring out additional information well worth publishing in the

Manual.

Report on Assignment 6(a)

Stabilization o£ Roadbed: Report on Methods Used

G. W. Payne (chairman, subcommittee), H. S. Ashley, F. W. Capp, R. L. Dyke, C. P.

Nicholson, M. C. Patton, J. M. Podmore, C. S. Robinson, P. H. Winchester.

VI—Roadway Protection

(601) E—STABILIZATION METHODS

A report on stabilization of roadbed was made last year as printed in the AREA Pro-

ceedings, Vol. 44, 1943, page 515. Only meager information on grouting, page 517, was

then available, and the subject was re-assigned for further development on this method.

The following is submitted as additional information.

Several other railroads, covering the larger part of the country, have since started

grouting, using widely different mixtures ranging from neat cement to 1 part cement to

15 parts of fine sand.

A complete description of the earlier method of installation on four different railroads

is given in the widely circulated "Concrete for Railways", Vol. 6, No. 4, and for that

reason need not be repeated here. Since that was written a "Mud-Jack" has been used,

it is claimed, with gratifying results at low cost.

The principal of the grouting method is to fill the voids in that part of the ballast

section below subgrade, thereby displacing the water which causes soft track. The lean

mixtures only fill the voids, while the richer mixtures and neat cement will set, forming

a kind of sub-ballast .slab.

There is in general less resistance to the penetration of the grout below subgrade

than there is up under the ties where the ballast is more comjjact. For this reason close

attention will usually permit filling the water pockets without too much penetration into

the regular ballast section, although sometimes the grout will get up around the ties.

In such instance it may be broken up with bars or picks.
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Proponents claim:

1. Installation wilhoul interference willi liaffic.

2. Immediate results.

3. Long lived if not permanent, and if local weaknesses should develop, cor-

rections can probably be made by repeating the same treatment.

4. No critical materials required, and equipment may be improvised from that

on hand.

5. Installed with regular maintenance forces.

Opponents say that the grout cannot be kept below the ballast section and will set

around the ties, making reballasting necessary; that the grout will break up and unstable

conditions will again develop. Some minor movement or pumping has developed on two

roads after two to five years.

The cost ranges from 50 cents per track foot for the later installations, up to $2.50

for earlier installation made in exceptionally deep pockets. Close estimates cannot be

made due to the varied and unknown depths of pockets.

The grout must be of such fluidity as to flow freely. The wide range in mixtures

used seems to be due primarily to the fact that the coarser sand usually obtainable will

not mix to the necessary fluid state. In the lean mixture mentioned a very fine blow sand

was available.

The question of permanence can only be answered after years of service. It may

depend largely upon the amount of traffic or weight of locomotives. The two following

questions are now open to further deliberation:

1. Correct proportioning of the ingredients of the grout, which will depend

largely on the fineness of the available sand.

2. Limitations.—Conditions so far encountered have differed widely; however,

there are, no doubt, limitations beyond which other methods of stabilization would

prove more adaptable.

There are some highly commendable features in the grouting method and further

improvements may be expected. The committee recommends reassignment of the subject

to develop particularly the correct proportioning of grout and its limitations.

Report on Assignment 7

Recent Tunnel Construction and Maintenance Problems

W. S. Moore (chairman, subcommittee), F. W. Alexander, F. W. Biltz, G. H. Burnette,

Herbert Ensz, O. N. Lackey, J. A. Noble, G. B. Wall, Jr.

At the present time there is little, if any, railroad tunnel construction in progress.

The last tunnels of any consequence to be built for railroad use were those included in the

Southern Pacific's relocation project occasioned by the inundation of the old hne as the

result of the construction of the Shasta dam. Practice in the lining of these tunnels with

concrete followed closely the AREA specifications for plain concrete lining.

Special Projects

Most railroad tunnels in North America were built rather early in the period of

intensive railroad construction when there could be little conception of present-day re-

quirements for clearances. As a result, a con.sidcrable part of the tunnel work now re-
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quired consists of the enlargement of the sections of old tunnels for the purpose of

removing restrictions on the dimensions of loads and equipment that can be moved
through them. Other tunnel work embraces the replacement of timber linings with con-

crete and the repair and replacement of other types of lining that show signs of failure.

Failure of tunnel linings may usually be ascribed to excessive pressure or unstable founda-

tions and disintegration of the concrete, brickwork, etc. of the lining. In other cases,

tunnel linings are being provided in railroad tunnels to obviate the necessity for periodic

scaling of exposed rock and to increase the safety of train operation.

Leaks

Many tunnels give trouble because of excessive leakage which not only causes serious

damage to the lining but also introduces hazard during cold weather because of the

formation of icicles that hang from the roof. Wet rails also reduce traction and thus

decrease the effective tonnage rating of locomotives.

The most generally successful way to stop leaks in masonry or concrete lined tunnels

is to drill holes in the lining and fill in the voids behind the lining by forcing grout

through these holes. In at least one case grout came out through a crack 90 ft. distant

from the point of application. When this method of repair is being carried out, it is

necessary to control the pressure so as to prevent damage to the lining.

An example of tunnel repair work is afforded by the experience of one of the Canadian

railroads with a three-mile double-track tunnel that was completed about thirty years

ago. The lining of shotcrete which was applied to a thickness of from three to six inches

in some sections failed in places because of the effect of seepage water. Difficulty was

encountered also in other parts of the tunnel which were lined with ordinary cast-in-place

concrete. Repairs of defective lining were carried out by removing the defective portions

and replacing them by concrete placed behind ordinary forms.

Reinforced Lining

In some cases where it is necessary to strengthen or repair the arch, use is being

made of curved steel liner plates. In order to retain the original clearance, it is necessary

to remove the intrados to a depth of three to six inches, this work being carried on in

such manner as to leave offsets or ledges at the tops of the side walls which provide the

support for the bottom tier of the curved plates. All of the plates have flange angles at

the edges so that the several sections may readily be connected by means of bolts.

After the curved liner plates have been set in place, grout is applied through suit-

ably spaced openings until the space between the plates and what is left of the old lining

has been completely filled. If desired, shotcrete of sufficient thickness to afford protection

for the exposed surface of the liner plates may be applied after the grouting has been

completed.

An alternate procedure in restoring the old arch after the defective concrete has been

removed is to install reinforcement against the exposed face of the old concrete after it

has been cut back and then apply shotcrete over it ; thus, it is possible to obviate the use

of the liner plates or forms.

There are certain types of rock which are less subject to deterioration than good

concrete. Tunnels through such rock may be left unlined. This will simplify the work of

increasing the clearance if it becomes necessary.

Increasing Tunnel Clearance

Due to the gradual increase in the size of loads and locomotives, increasing tunnel

clearance has become a live subject. One road has just completed the removal of 3 ft.

of limestone rock from the roof of a tunnel 800 ft. long. This tunnel is on a S-deg. curve
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at the summit of a 1.2S percent grade, the grade being 4 miles long. Before this section

was enlarged, employees on the second engine of full tonnage trains were sometimes

overcome by the heat from the leading engine. The additional clearance now provided

has corrected this condition.

In preparation for the work, telephones were installed to provide communication

between the foreman in charge and flagman stationed on either side of the work. In carry-

ing on the work, air drills were operated from an elevated platform built on a push car.

Holes 4 ft. in depth were drilled in the roof, one on the center and one on each side, the

side holes being drilled at an angle. The holes were loaded with explosives in sufficient

quantity to insure that the rock would be well broken. After shooting, the men on the

push car scaled all loose rock from the roof. Following this, laborers cleared the track by

throwing the rock into the side ditches. The ditches were cleared between trains by a crane

with a low boom, using a J^-yd. clamshell bucket, loading spoil into the dump trays

mounted on ordinary track cars. These were pulled out by a section motor car and

dumped on a spoil bank at the end of the tunnel.

Roadbed Maintenance
One of the troublesome tasks imposed in tunnels is the surfacing and maintenance of

ballasted track without resorting to track raises that will reduce the overhead clearance.

Because of this obstacle, it is generally found expedient to skeletonize the track and open

up the subgrade drainage into the ditches, and then fill the cribs with a good quaUty of

new ballast. If water pockets are encountered below the level of the bottoms of the side

ditches, it will be necessary to drain them or else dispose of them by grouting in the

subgrade under pressure.

The Manual, page 8-104.1, contains specifications and plans for Uning railway

tunnels with plain concrete. One plan is for a solid floor. This construction will be found

very effective but it is difficult to carry out because of the interference of train operation

except in double-track tunnels where the operating department consents to the temporary

abandonment of first one track and then the other to allow sufficient time for the concrete

to set.

Page 8-105 embodies plans for tunnel linings with a concrete floor below the bottom

of the ballast section. A close approximation to this can be secured by pressure grouting

material in place up to the required level.

The concrete curbs shown on this plan are very desirable as a means of providing

effective side ditches. However, perforated drain pipes placed in the side ditches and

covered with pervious granular material will provide a fairly satisfactory drainage system.

The perforated pipes should be of metal or wood, as tile pipes are too easily broken with

track tools.

Report on Assignment 8(a)

Corrosion Resisting Fence Wire

Collaborating with Appropriate Subcommittees of Committee A-5 on

Corrosion of Iron and Steel, ASTM

A, R. Jones (chairman, subcommittee), H. F. Brown, H. B. Bussing, J. A. Given, Paul

McKay, J. A. Noble, P. H. Winchester.

Your committee is collaborating with and receiving reports of the exposure tests of

farm field fencing, barbed wire, unfabricated wire, wire strand, and chain-link fence,

as made by Subcommittee 8, of Committee A-S of the American Society for Testing
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Materials. The primary purpose of this test is to determine the effect of such factors as

base metal composition, -gage, type of coating, weight of coating, etc., on the service-

ability of zinc coated strand, barbed and woven wire fencing and unfabricatcd wire.

The plan and progress of this test is reported in ASTM Proceedings as follows:

Proceedings, 1934, Vol. 34, page 167, Proposed Field Test on Wire and Wire Products.

" 172, Wire Test Program.

Proceedings, 1937, Vol. 37, page 117, Report of the Wire Test Committee.
" 122, Appendix to the Report of the Wire Test Com-

mittee.

Proceedings, 1939, Vol. 39, page 99, Report of Subcommittee 8 on Field Tests of

Metallic Coatings.

" 101, Report on Original Characteristics of Wire and

Wire, Products Involved in Field Exposure Tests.

" 103, Micrographs and Characteristics of Specimens of

Unfabricated Wire, Farm Field Fence and

Barbed Wire.

" 150, Methods of Testing.

" 156, Report of Wire Inspection Committee on Field

Tests of Wire and Wire Products.

Proceedings, 1940, Vol. 40, page 97, Progress Report of Subcommittee 8, Committee

A-S.

Proceedings, 1941, Vol. 41, page 90, Progress Report of Subcommittee 8, Committee

A-S.

" 101, Report of Wire Inspection Committee on Field

Tests of Wire and Wire Products. (Covers 1939

and 1940 Inspections)

Progress of the test as reported in the 1943 ASTM Proceedings shows Findings from

Weight Loss Specimens:

1. There is a tendency for the lighter gages of wire to lose coating somewhat faster

than the heavier gages.

2. There is an indication that there is slight decrease in the rate of coating loss

with increasing periods of exposures.

3. The overall average annual loss of coating in ounces per square foot of surface

at Pittsburgh is 0.369; at Sandy Hook it is 0.117; and at State College it is 0.063.

4. There is not a consistent indication that any one of the three groups (Farm

Field Fencing, Unfabricated Wire or Barbed Wire) loses coating at a more rapid

rate than the other two.

5. The time required for first rust to appear on samiilcs thus far rusted at Pitts-

burgh and at Sandy Hook checks reasonably well with the time that would be

expected from the data of the weight loss specimens.

Progress of the test as reported in the 1943 ASTM Proceedings shows Findings from

Specimens Removed for Tension Tests:

Pittsburgh is the most corrosive of the test sites, with Sandy Hook rating next

and Bridgeport next. Consequently, more specimens have been removed from

Pittsburgh than from any other location. Of the 133 uncoated mild steel wires

exposed at Pittsburgh, 107 (80 percent) have been removed and of the 595 zinc
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coated wires exposed al I'itlshuigli, 277 (4b |)eiceiil ) liHve been lemoved. Of tlie

112 lead coated, copper ro.Ued, and corrosion resistant wires exposed at Pittsbiirch,

20 have been removed.

The one set of corrosion resistant steel wires (bigii cluoniium and nickle

chromium content wires) that were removed after an exposure of about five years

showed no loss in strength.

No lead coated wires were removed for tensile strength tests during 1941 and

1042 because tests on specimens previously removed (after exposures up to 3^^

\ears) showed that no significant losses of strength had occurred. The specimens

at that time showed considerable pinhole rusting. Apparently the pinhole rusting

observed on these specimens, while undesirable from an appearance standpoint,

does not materially affect the strength of the specimen. No very marked change in

the appearance of the lead coated samples has taken place since the last removals

were made.

Tests of tensile strength of the 3S4 uncoated and zinc coated mild steel speci-

mens removed at Pittsburgh showed that the lighter gage wires lost tensile strength

more rapidly than the heavier gage wires.

The progressive loss of strength of zinc coated wires after the zinc coatings

were gone was about the same as the loss of strength experienced by the uncoated

wires.

Corrosion at the other test sites has not progressed sufficiently to make pos-

sible extensive comparisons of tensile strength loss. On the basis of present data it

appears that at Sandy Hook the H^/^-gage wires lose tensile strength at about

the rate for the 12J/2-gage wires at Pittsburgh, and at Bridgeport the 145^-gage

wires lose tensile strength at about the rate for the 11-gage wires at Pittsburgh.

Report on Assignment 9

Signs: Specifications and Plans for Telltales—Overhead and Side

L. J. Drumeller (chairman, subcommittee), Clifton Brannon, H. B. Bussing, O. N. Lackey,
G. W. Miller, J. M. Podmore, E. M. Smith, G. B. Wall, Jr.

Last year your committee presented as information, a tentative draft of Specifica-

tions for One, Two, Three and Four-Track Overhead Metal Warning and Metal Side

Warning (Proceedings, Vol. 44, 1943, pages 519 to S2S, inclusive). These specifications,

with minor revisions, are now submitted with recommendations that they be adopted and

published in the Manual. The committee also recommends that the plans appearing in

the Proceedings, Vol. 44, 1943, pages 521, 522 and 523 be published, with slight revisions,

in the Manual as a part of the specifications.

Your committee further reports progress on the subject of wood overhead and

side warnings.

SPECIFICATIONS FOR ONE, TWO, THREE AND FOUR-TRACK
OVERHEAD METAL WARNING AND METAL SIDE WARNING

GENERAL
1. Scope

These specifications cover the design, materials and erection of metal overhead

warnings for one, two, three and four tracks and metal side warnings.
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FOOTING
1. Concrete Footing

Concrete for the footing shall be of the class designated by the Engineer and conform

with current AREA Specifications for Concrete and Reinforced Concrete Railroad Bridges

and Other Structures.

The footing course shall be carried down to a suitable foundation and where this is

impracticable, the foundation shall be spread to sufficient dimension to carry the load.

Backfilling around the foundation shall be thoroughly tamped and compacted.

Anchor bolts shall be placed in their permanent position before filling the form with

concrete. They shall conform in quaUty with the current ASTM Specifications for Steel

for Bridges and Buildings, Designation A 7.

MATERIALS
1. Base Casting and Pipe Cap

The base casting and pipe cap shall be made true to pattern, free from flaws and

excessive shrinkage; the size and shape to be as called for by the plans and shall conform

with the current ASTM Specifications for Gray Iron Castings, Designation A 48.

2. Iron Pipe and Fittings (Including Collars, Straps and Hanger Clamps)

Iron pipe and fittings shall be used as the vertical pole to support the warning.

The pipe shall be reasonably straight and free from injurious defects. All burrs at the

ends of the pipe shall be removed. The portion of pipe set in concrete foundation shall

be free from grease or paint. All pipe joints shall be heated and shrunk so the inside

diameter of the larger pipe will be equal to the outside diameter of the smaller pipe for

a minimum distance of 18 inches. The joints shall be suitably welded.

For single-track and three and four-track overhead warnings, the poles shall be

inclined from the track % inch per one foot of height.

The pipe and fittings shall conform in quality with the current ASTM Specifications

for Welded Wrought Iron Pipe, extra strong. Designation A 72, or the current ASTM
Specifications for Welded Alloyed Open-Hearth Iron Pipe, Designation A 2S3,

3. Galvanized Steel Pipe and Fittings

Galvanized steel pipe and fittings shall be used to support the telltales for single

and double-track overhead warnings. This pipe shall be furnished under the seamless,

or electric welded steel pipe, extra-strong classification, conforming with the current

ASTM Specifications for Welded and Seamless Steel Pipe for Ordinary Uses, Black and

Hot-Dipped Zinc-Coated (Galvanized), Designation A 120. The pipe shall be reasonably

straight and free from injurious defects. All burrs at the ends of the pipe shall be re-

moved. The zinc coating shall be free' from injurious defects or excessive roughness.

4. Steel Guy and Messenger Strand

A ^-inch steel guy and messenger strand shall be used to support the telltales for

three and four-track overhead warnings. The strand shall be composed of six No. 8

AWG cylindrical copper-covered steel wires laid helically around a center wire of the

same material and size, and shall conform with the current ASTM Specifications for

Concentric-Lay-Stranded Copper Cable, Hard, Medium-Hard or Soft, Designation B 8,

Classification AA.

5. Galvanized Cable Clamps and Thimbles

Three-bolt heavy type cable clamps and J^-inch thimbles shall be furnished for the

horizontal guy and messenger strand.



Roadway and Ballast 311

One-bolt cable clamps shall be furnished for the vertical guy and messenger strand.

These clamps and thimbles shall conform with the current specifications appearing

in Section l-A-20 of the T&T Section Manual.

6. Hook and Eye Galvanized Turnbuckles

The 5^ by 6-inch galvanized steel hook-and-eye turnbuckles shall be of approved

design and made so that at least 6 inches of slack can be drawn in. They shall be located

as shown on the plan to permit ready access to them.

7. Wood Lash Bars and Fingers

Lash bars for overhead warnings shall be furnished to size, of 2 -inch by 4-inch by

8-foot 6-inch treated oak or ash.

Lash bars for side warnings shall be furnished to size, of 2 pieces 2 inch by 4 inch

by 9 feet prebored and treated oak or ash.

Fingers for side warnings shall be furnished to size, of 2 pieces % inch by 3 inch

by 2 feet preframed, bored and treated oak or ash. This material shall be sawn to the sizes

specified on the plan and shall be free from defects that seriously impair the strength.

8. Telltales for Overhead Warnings

Telltales shall be one of the following kinds:

(a) Waterproof braided cotton ropes with copper or bronze tips, the ropes to be

fastened to ^-inch bronze rods which are suspended from an approved type of bronze

hangers attached to the lash bar. The braided cotton ropes shall constitute the lower

section of the telltale.

(b) A series of No. 10 spring brass wires suspended from No. 8 gage brass screw

eyes attached to the lash bar. Near the top the suspended wires shall be completely looped

once, all loops to be on the same horizontal plane. A horizontal wire shall be passed

through all the loops, as shown on the plan, to prevent the suspended wires from fouling

and keep them vertical.

The bottom of telltales shall suspend 12% inches below the line of overhead obstruc-

tion and shall be spaced 6 inches center to center, 17 per track.

9. Spring Finger for Side Warning

Steel spring fingers, iV inch by 2 feet 9 inches, tightly wrapped on all sides with

an approved grade of canvas shall be furnished for side warnings. These fingers shall be

cut to the size and shape called for on plan and fastened to the wood member of the

warning with two ^-inch by 2-inch carriage bolts. Spring steel for fingers shall conform

in quality to Grade A of the current ASTM Specifications for Carbon-Steel Bars for

Vehicle and General Purpose Springs, Designation A 58.

Each side warning shall consist of 9 horizontal fingers spaced 1 foot center to center

and projecting 6 inches inside of the line of lateral obstruction.

10. Spring for Side Warning Brackets

Six springs for each side warning shall be furnished for locations shown on the plan,

and fastened to the vertical lash bar with hasp and staples. They shall consist of 25 coils

of 0.192-inch spring steel 1% inches outside diameter, and shall conform in quality to

Grade A of the current ASTM Specifications for Carbon-Steel Bars for Vehicle and

General Purpose Springs, Designation A 58.

11. Bolts

All bolts shall be furnished with nuts and washers of proper size and with standard

threads. They shall be of the length and shape called for on the drawing and conform
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in quality to the current ASTM Specifications lor Stiel lor Bridges and Buildings.

Designation A 7.

12. Steel Bar

A J/2-inch by 2-inch by 1-loot 7-inch steel bar shall be fabricated and furnished

with each spring bracket for side warnings according to the plan. Material in this bar

shall conform in quality to the current ASTM Specifications for Commercial Quality

Hot-Rolled Bar Steels, Designation A 107.

ERECTION

When the pole is to be seated on top of the concrete footing, sufficient time shall

be allowed the concrete to harden thoroughly before erecting the pole.

Where the pole is to be imbedded in the concrete footing it shall be erected and

temporarily guyed into exact position before the footing is cast.

Where conditions make it necessary, vertical poles shall be permanently guyed.

All swaging of pipe joints, including the swaging and leading of the pipe to the base

castings, shall be performed in the shop, except those joints shown on plan for the one

and two-track warning, which shall be swaged in the field.

The lower hook-and-eye turnbuckle on three and four-track overhead warnings shall

remain loose until the hangers have been properly suspended from the upper cable and

then drawn only tight enough to straighten the lower cable. Unnecessary strain on the

lower cable shall be avoided.

PAINTING

Pipe supports and castings shall be thoroughly cleaned and given one priming coat,

or such other paint as may be specified. Except as herein noted, cleaning and painting

shall be done in accordance with the requirements for shop painting of current AREA
Specifications for Steel Railway Bridges.

Report on Assignment 10(a)

Prepare Consolidated Specifications for Prepared Ballast of

Crushed Stone, Crushed Slag and Gravel

Stanton Walker (chairman, subcommittee) , F. W. Alexander, A. E. Botts, H. F. Brown,
A. P. Crosley, A. T. Goldbeck, A. D. Kennedy, E. R. Lewis, Raymond Swenk,
C. S. Wicker.

The committee recommends for publication in the Manual, with certain revisions

outlined below, the Proposed Consolidated Specifications for Prepared Ballast which were

published as information last year. (See AREA Bulletin 437, page 527, and the Pro-

ceedings, Vol. 44, 1943, page 528.)

The proposed specifications have been given further study during the year and dis-

cussions of them offered by members of the committee and others have received consid-

eration. As a result of this further study, the following minor changes, for the most part

editorial, are recommended:

1. Change title to read:

Specifications for Prepared Stone, Slag and Gravel Ballast

2. Change the first sentence of Section 3(b) which now reads,
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The percentage of wear of prepared ballast, except as otherwise specified by the

Engineer, shall not be greater than 40 percent.

to reads as follows:

The percentage of wear of prepared ballast, tested in the Los Angeles machine, shall

not be greater than 40 percent except as otherwise specified by the Engineer.

3. Change Section 3(c) which now feads,

The soundness of prepared ballast for use in severe climates shall be such that . . .

to reads as follows:

The soundness of prepared ballast for use in regions where freezing temperatures

are expected shall be such that . . .

4. Change Section 3(d), which refers to the unit weight of slag, by adding the word

"compacted" at the end of the sentence.

5. Change Section 8(b) by inserting the word "current" before "method" in the first

line.

6. Change Section 8(d) by deleting the word "current" before "method" in the

second line. This change is made since the method referred to (test for soft particles)

has not been continued in current editions of Methods of Testing and Sampling of the

AASHO.
The specifications as proposed for publication in the Manual follow.

SPECIFICATIONS FOR PREPARED STONE, SLAG AND
GRAVEL BALLAST

1944

1. Scope

These specifications cover the requirements for grading and other significant physical

properties of mineral aggregates for prepared ballast.

2. General Requirements

Prepared ballast shall be crushed stone, crushed air-cooled blast furnace slag, or

gravel (crushed or uncrushed, as specified) composed of hard, strong and durable

particles, free from injurious amounts of deleterious substances and conforming to the

requirements of these specifications. The type, or types, and sizes of prepared ballast

shall be designated by the Engineer.

3. Quality Requirements

(a) Deleterious substances shall not be present in prepared ballast in excess of the

following amounts:

Soft and friable pieces S percent

Material finer than No. 200 sieve 1
"

Clay lumps 0.5

(b) The percentage of wear of prepared ballast, tested in the Los Angeles machine,

shall not be greater than 40 percent except as otherwise specified by the Engineer.

Note: Availability of local materials and knowledge of service records may make

it economical for the Engineer to permit of higher losses than 40 percent; how-

ever, the Engineer is warned against permitting losses in excess of SO percent

without thorough investigation of all factors.

(c) The soundness of prepared ballast for use in regions where freezing temperatures

are expected shall be such that when tested in the sodium sulfate soundness test, the

weighted average loss shall not be in excess of 10 percent after 5 cycles.
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(d) The weight per cubic foot of prepared slag ballast meeting the grading require-

ments of this specification shall not be less than 70 pounds compacted.

4. Grading Requirements

(a) The grading of prepared ballast shall be determined by test with laboratory

sieves having square openings and conforming with current ASTM Specifications for

Sieves for Testing Purposes, Designation E 11.

Note: In laboratory tests, a sieve with square opening D will permit approxi-

mately the same size of material to pass as a screen with round opening 1.2D.

(b) Crushed stone and crushed air-cooled blast furnace slag for prepared ballast

shall conform to the following requirements for grading:

Nominal A mounts Finer Than Each Sieve (Square Opening Laboratory Sieves)
Size, Percent! by Weight

Size Square No. No.
No. Opening 3" ZVi" 2" lYi" 1" J4" Vt" ^i" 4 8

24 Zyi"- J4" 100 90-100 .. 25-60 .. 0-10 0-S
3 2 "-1 " .. 100 90-100 35-70 0-15 .. 0-S
4 ij4"_ j4" .. .. 100 90-100 20-55 0-15 .. 0-5
5 1 "- H" .. .. .. 100 90-100 40-75 15-35 0-lS 0-5

57 1 "-No. 4 .. .. .. 100 90-100 .. 25-60 .. 0-10 0-5

Note: Size numbers and gradations in size adopted from National Bureau of Standards Simplified
Practice Recommendation R 163-39.

(c) Gravel for prepared ballast shall conform to one of the following sets of

requirements for grading, depending upon the percentage of crushed particles specified.

Amounts Finer Than Each Sieve (Square Opening Laboratory Sieves)
Percent Percents by Weight

Size Crushed No. No. No. No. No.
No. Particles lyi" 1" J4" 4 8 16 SO 100

G-1 0-20 100 80-100 50-85 20-40 15-35 5-25 O-IO 0-2
G-2 21-40 100 65-100 35-75 10-35 0-10 0-5
G-3 41-100 100 60-95 25-50 0-lS 0-5

Note: Size numbers and gradations in size adopted from National Bureau of Standards Simplified
Practice Recommendation R 163-39.

(d) The percentage of crushed particles in gravel shall be determined on a repre-

sentative sample, weighing not less than 10 pounds, of the material coarser than the

No. 4 sieve. Particles having one or more faces resulting from fracture shall be consid-

ered as crushed particles. The percentage by weight of crushed particles in the material

coarser than the No. 4 sieve shall be considered as the percentage of crushed particles

in the sample.

5. Handling

Prepared ballast shall -be handled at the producing plant in such a manner that it

is kept clean and free from segregation. It shall be loaded only into cars which are in

good order, tight enough to prevent leakage and waste of material, and which are clean

and free from rubbish or any substance which would foul or damage the ballast.

6. Inspection

If material loaded, or being loaded, does not conform with these specifications, the

inspector shall notify the contractor to stop further loading until the fault has been

corrected and to dispose of all defective material without cost to the railroad.

7. Testing

(a) Determinations of deleterious substances, resistance to abrasion and soundness

shall be made at a testing laboratory selected by the purchaser, but visual inspection
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and gradation tests shall be made at the place of production prior to shipment as often

as considered necessary.

(b) Samples of the finished product for gradation and other required tests shall be

taken from each 200 tons of prepared ballast, unless otherwise ordered by the Engineer.

The sample shall be representative and shall weigh not less than 100 pounds.

8. Methods of Test

(a) Samples shall be secured in accordance with the current Methods of Sampling

Stone, Slag, Gravel, Sand, and Stone Block for Use as Highway Materials, ASTM
Designation D 75.

(b) Sieve analysis shall be made in accordance with current Method of Test for Sieve

Analysis for Fine and Coarse Aggregates, ASTM Designation C 136.

(c) Material finer than the No. 200 sieve shall be determined in accordance with

the current Method of Test for Amount of Material Finer Than No. 200 Sieve In

Aggregate, ASTM Designation C 117.

(d) The percentage of soft and friable particles shall be determined in accordance

with the Method of Test for Quality of Soft Pebbles in Gravel, AASHO, Method T-8,

in the 1938 edition of Standard Specifications for Highway Materials and Methods of

Testing & Samphng.

(e) The percentage of clay lumps shall be determined in accordance with the current

Method of Test for Clay Lumps in Aggregates, ASTM Designation C 142.

(f) The resistance to abrasion shall be determined in accordance with the current

Method of Test for Abrasion of Coarse Aggregates by Use of the Los Angeles Machine,

ASTM Designation C 131, using the standard grading most nearly representative of the

size of ballast specified.

(g) Soundness tests shall be made in accordance with the current Method of Test

for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate, ASTM
Designation C 88.

(h) The weight per cubic foot shall be determined in accordance with the current

Method of Test for Unit Weight of Aggregates, ASTM Designation C 29.

9. Measurement

(a) When ballast is paid for by the ton each car shall be weighed if that is prac-

ticable. If it is impracticable to weigh each car the weight per cubic yard shall be

obtained by weighing at such intervals as may be ordered by the Engineer, not less

than S cars loaded with ballast, the contents of which have been carefully measured.

The weight per cubic yard obtained by such a test shall be used in calculating the weight

per car until additional tests are made.

(b) When ballast is paid for by the cubic yard the quantity shall be determined,

when practicable, by applying the weight per cubic yard as determined in (a) above.

When impracticable to determine the weight per cubic yard the contents of each car

shall be carefully estimated by comparison with cars the contents of which have been

accurately measured.

The committee also recommends that the following Standard Method of Test for

Quantity of Soft Pebbles in Gravel be pubUshed in the Manual as a supplement to the

above specifications for ballast.
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This method was standardized by the American Association of State Highway Offi-

cials in 1924. It was withdrawn in 1940 because of the feeling that, although correct in

principle, it is not sufficiently severe. Nevertheless, no substitute method has been devel-

oped and it is continued as a standard for ballast until a better method has been adopted.

Stand.\rd Method of Test for Quality of Soft Pebbles in Gravel

Method T-8-24

1. Method consists in determining the resistance of the pebbles to uniform static

pressure.*

2. A sample of at least 1,000 grams shall be separated into three sizes and subjected

to uniform pressure without impact, as follows:

Pounds
0.185 inches to 0.37S inches 35
0.375 inches to 0.750 inches 60
0.750 inches to maximum size 75

3. Pebbles crushing under these loads shall be classified as soft pebbles, and shall be

reported as a percentage of the original sample by weight.

4. Disintegrated rocks, or other rocks, which will obviously break up into fine mate-

rial during the screening or mixing operation, shall not be considered in this test.

* A satisfactory instrument for classifying soft stone by this method was devised by the late W. H.
Douglass, of the Iowa State Highway Commission. A description of this apparatus follows:

The Douglass stone meter consists of a jack acting through the specimen to compress a calibrated
spring. The jack, which is of the rack-and-pinion type, is located in the base of the machine and is

actuated by means of a hand lever attached to the shaft of the pinion. To the base are attached two
vertical standards which are attached to each other by two cross members, one at the top and one near
the center. The soil compression spring is located between these two cross members. The top of the
spnng bears against the top cross bar and the bottom against a collar on the movable plunger which
passes through both cross members and the spring. To the lower end of the plunger is screwed a mechanic's
jack which allows adjustment for the various sizes of stones and also carries a ball and socket head. The
top end of the plunger is graduated to read the desired pressures as it passes through the top cross member.

Report on Assignment 10(b)

Review Specifications o£ Leading Railroads to Determine
Conformity with AREA Recommendations

Stanton Walker (chairman, subcommittee), F. W. Alexander, A. E. Botts, H. F. Brown,
A. P. Crosley, A. T. Goldbeck, A. D. Kennedy, E. R. Lewis, Raymond Swenk,
C. S. Wicker.

This report is presented as information.

The subcommittee reviewed the ballast specifications of 46 railroads which responded

to a request for information made, in its behalf, by Secretary Lacher. The railroads rep-

resented in the replies embrace a total of 201,644 miles of line, or about 74 percent of the

total line mileage in the United States and Canada.

Table 1, appended, gives a list, in alphabetical order, of the railroads which responded.

That order is not the same as the "railroad number" by which the descriptions of the

different specifications are identified; that is to say, the source of the specifications has

been kept anonymous in this report. Only quality requirements of the ballast are sum-
marized. No consideration was given to such factors us handling, inspection, measurement,
etc.; in fact, many of the returns omitted information along these lines.

From the detailed summary of replies, given later in this report, it is immediately

apparent that most of the formal specifications are consistent with the spirit of AREA
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Table 1.^

—

List of Reporting Railroads

Alton Rflilroad Lehigh Valley Railroad

Atchison, Topek.i and Santa I'c Railway Louisville & Nashville Raihoad
Atlanta, Birmingham & Coast Railroad Minneapolis, St. Paul & Sault Ste. Marie

Atlantic Coast Line Railroad Railway
Baltimore & Ohio Railroad Missouri-Kansas-Texas Lines

Boston & Maine Railroad Missouri Pacific Railroad

Burlington Lines Nashville, Chattanooga & St. Louis Railway

Central of Georgia Railway New York Central System
Chesapeake & Ohio Railway New York, Chicago & St. Louis Railroad

Chicago & Eastern Illinois Railroad New York, New Haven & Hartford Rail-

Chicago Great Western Railway road
Chicago, Indianapolis & Louisville Railway Norfolk & Western Railway
Chicago, Milwaukee, St. Paul & Pacific Northern Pacific Railway

Railroad Pennsylvania Railroad

Chicago & North Western Railway Pere Marquette Railway
Chicago, Rock Island & Pacific Railway Reading Company
Clinchfield Railroad St. Louis-San Francisco Railway
Canadian National Railways St. Louis Southwestern Railway Lines

Delaware & Hudson Railroad Seaboard Air Line Railway
Erie Railroad Southern Pacific Lines in Texas and Lou-
Denver & Rio Grande Western Railroad isiana

Florida East Coast Railway Union Pacific Railroad
Great Northern Railway Virginian Railway
Illinois Central System Western Maryland Railway
Kansas City Southern Railway and Lou- Wheeling & Lake Erie Railway

isiana & Arkansas Railway

recommendations, although relatively few of the railroads have incorporated AREA
recommendations bodily in their requirements. Those railroads who have adopted AREA
recommendations or who have modeled their specifications closely after AREA require-

ments generally have not revised their specifications to bring them into line with

current AREA recommendations.

In the case of stone ballast, a striking difference between railroad grading require-

ments and AREA recommendations is that most of the specifications give only limiting

sizes with no intermediate requirements. Therein they appear to be more liberal than

AREA requirements, although it is believed that, with few exceptions, materials meeting

these requirements for limiting sizes would fall within the intermediate limitations recom-

mended by AREA.

In the case of gravel specifications, a greater diversity of opinion was displayed in

grading requirements but, almost without exception, recommendations are in line with

the spirit of AREA recommendations.

It is believed that a substantial number of reporting railroads could purchase their

ballast by referring to AREA specifications with appropriate qualifications to meet local

conditions. For example, in the case of gravel, railroad No. 4 could, without any up-

setting of practice, order ballast in the following language:

Gravel shall conform to the AREA specifications for size G-3, except that the

permissible range in percentages passing 1 in. shall be 80 to 90 percent instead of

60 to 95 percent.

It is suggested that, in the interest of standardization, railroads should be urged to

examine their specifications in the light of AREA recommendations and to determine if

some such procedure as that suggested above would not be acceptable.
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Summary of Replies

A detailed summary of the principal information reported for all types of ballast

follows. That summary is supplemented by the appended Tables 2, 3 and 4 which

represent an attempt to compare specification requirements, principally grading, with

AREA recommendations for stone, gravel and slag respectively.

Table 2.

—

Summary of Specifications for Crushed Stone Ballast

No Information on Stone Ballast Given by Railroads Nos. 2,

10, 12, 16, 17, 22, 28, 36, 46

RaiU
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Railroad No. 1

Uses AREA standard ballast specifications for both stone and gravel as issued in

1941, except that the stone size is 54 to 2 in. based on round openings. This size is very

close to standard size No. 4 which is 54 i"- to 1|4 in. based on square openings (approxi-

mately % in. to 1^4 in- based on round openings).

Table 3.

—

Summary of Specifications for Gravel Ballast

No Information on Gravel Ballast Given by Railroads Nos. 2, 7, 8, 13,

14, 16, 22, 23, 24, 26, 31, 35, 39, 40, 46

Rail-
road
No.

1

3
4

19

20
21
25

27
28
29

30
32

33

34
36
37

Requirements

General

AREA recommendations
Based on AREA recommendations of 1926
Free from dust, dirt and loam

Grading

No. 10—IH in. with
intermediate limita-

tions (sq)—(40%
crushed)
No. 10—1}4, in.

(20% crushed)
Based on AREA recommendations current in 1926 (40% crushed)

None

Free from dust, dirt and loam

Conforms to or Met
- In Princifile by AREA

Grading Number

G-1 in principle
G-3 with minor
modifications

G-2 with minor
modifications

12
15
17
18

None

11 Source specified

No. 16—

1

14 in. with G-1 in principle
50% crushed and No.
8—No. 1 with 15%
crushed
Gives typical grading Within limits of G-3
varying percentages of
crushed particles for

area recommendations in 1929 Manual
None
Similar to AREA pit-run gravel specifications

Free from dirt and foreign matter

None

different sizes

}4—IK in. and No.
8—IK in.

^^—IK in.

No. 4 or 5 and G-3
in principle

G-3 in principle
Pit-run in principle

Pass IK in. and con- G-2 in principle
tain 18% sand
Typical grading given No. 5 or G-3 in prin-
for crushed boulder ciple

ballast

Based on 1929 AREA manual
Uses materials from company owned pits, no specifications

Free from dust, dirt and loam Passing 2K in. (rd) Pit-run in principle
with 15 to 20% sand

AREA in principle
Hard, strong and durable No. 16—IK in. G-2 in principle

None Washed and crushed
% in. to 2 in.

with 30% sand
AREA
Hard, strong, and durable Typical grading given Falls within limits of

with variable per- G-3
centages of crushed for

different sizes

None Vs—2H (40% None
crushed)

Based on AREA recommendations current in 1934
No specifications; uses pit-run gravel from selected source
AREA recommendations current in 1937

38 Written about source of supply

41 Free from dirt, dust and loam

Consistent with
AREA recommenda-
tions

Passing 2K in. (rd) Pit-run in principle
and containing 15 to

20% sand anda second
classification passing

2K in. (rd) and con-
taining 30 to 40% sand

42 Based on earlier AREA recommendations (20% crushed) G-3 in principle

43 Based on earlier AREA recommendations (20% crushed) G-3 in principle

44 AREA recommendations current in 1936
46 None Crushed and washed G-2 or G-2 in principle

passing IK in. and
containing 30% sand
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Table 4.

—

Summary of Specifications for Slag Ballast

No Information on Slag Ballast Given bv Railroads Nos. 1, 4, 5, f>, 7, 8,

10, 11, 13, 14, IS, 17, 18, 19, 20, 21, 23, 24, 26, 27, 28, 29,

30, 31, 32, 33, 35, 36, 37, 38, 39, 40, 41, 44, 46

liiiil- Requirements Conforms to or Met
road — . In Principle by AREA
J^"- General Grading Grading Number
2 None Crusher run 2}^ in. None

down
3 None —2}4; }4—i}4 and Last two are No. 5 in

yi—iyi principle
9 None No. 4—1 J^ in. No. 5 in principle

12 AREA AREA AREA
16 None Passings in. (rd) with No. 24 in principle

fines screened out
22 Free from dirt, dust, loam or rubbish Passing 3 in. (rd None

opening)
25 Air-cooled blast furnace slag free from dust %—2jl in. and No. 24 and 4 in

5^—IJ^ in. principle
34 Comprehensive specification for slag same as for stone which appears to be based on

AREA recommendations current in 1934
42 Uniform in density in quality; weigh 114—2H in. (rd) No. 24 in principle

at least 70 lb.

43 Uniform in density in quality; weigh 1}4—2M in- (rd) No. 24 in principle
at least 70 lb.

45 To weigh approximately 2,200 lb. per cu. yd. 4

—

1}4 No. 5 or 57 in principle

Railroad No. 2

Only ballast being used at present is crusher run slag 2j^ in. down.

Railroad No. 3

Uses slag, stone, gravel and chats.

The railroad appears to have no formal specifications for slag. Crusher run slag

passing 2J^ in. is used for initial application when lift is 3 in. or more. For resurfacing a

J/2-in. to 154-in. size is used from one source and a ^ to 1^-in. size from another source.

These overall limits would fall within the Kmits of standard size No. S. It appears that

the adoption of AREA specifications for resurfacing material would involve no important

change in practice.

The stone is required to be clean, hard, sound and durable, and to be graded from

% in. to 2^ in. in terms of round openings. This means about J^ in. to 2 in. in terms of

square openings. It would appear that standard size No. 4 might be substituted or, if the

"long" grading is insisted upon, a mi.xture of standard sizes 3 and 5 would be acceptable.

No important change in practice would be involved by adopting AREA specifications

as the basis for requirements for stone ballast.

The gravel ballast requirements cited are evidently based on AREA specifications

current in 1926. The percentages are expressed in terms of the amounts retained between

sieves rather than cumulatively. It seems clear that the current AREA specifications

could be substituted without disturbing the practices of either the railroad or the supplier

of ballast.

No information with respect to requirements for chats was included.

Railroad No. 4

Specifications for stone and gravel are given.

The requirements for stone are evidently modeled after the 1931 and 1937 ARE.\
specifications. Quality requirements are stated for solid unit weight, toughness, .soundne.ss,

and abrasion. The soundness test requires the use of sodium sulfate for S cycles; the



Roadway and Ballast 321_

results are evaluated by the ASCE method for material for sewage filters. The abrasion

test is by the Dcval method. The grading requirements are about the same as in the

1937 AREA specifications, but with somewhat closer tolerances. Current standard grading

No. 3 would provide a material not significantly different from that specified. It seems

evident that the AREA specifications for stone ballast could be substituted without

affecting either the railroad or the supplier.

The gravel ballast specification calls for a minimum of 40 percent of crushed par-

ticles. The grading is stated in terms of percents retained between adjacent sieves. While

such a specification cannot be translated directly to cumulative percentages, it is evident

that it does not conform to any single standard size for gravel. It appears to "cut across"

the three standard gradings, being similar to standard G-1 (0 to 20 percent crushed) in

the coarser sizes and to standard size G-3 (41 to 100 percent crushed) in the finer sizes.

Standard size G-3, with the amount of material retained on 1 in. limited to 20 percent

instead of 40 percent would provide a grading substantially the same as that specified.

While the specifications cannot be said to conform to those of the AREA, there

would appear to be no reason, nevertheless, why the AREA specifications should not be

used as a basis of purchase. If the railroad in question wished to maintain the funda-

mentals of its present grading, it could specify, for example, that:

Gravel ballast shall conform to the AREA specifications for size G-3, except

that the permissible range in percentages passing 1 in. shall be 80 to 90 percent

instead of 60 to 95 percent.

Railroad No. S

Specifications are given for crushed stone and gravel ballast.

For stone the same comments as made with respect to railroad No. 4 apply.

The specifications for gravel, except as to grading, are identical with those of railroad

No. 4. The grading, expressed cumulatively, is about the same as standard size G-2, with

somewhat fewer fines; the percentage range passing the No. 4 sieve is specified as 5 to 20

instead of 10 to 30. Accordingly it would appear that, as suggested for railroad No. 4,

the AREA specifications might be used with an appropriate qualifying clause.

It is pertinent to point out that railroad No. 4 had the same gravel grading speci-

fications as No. 5, but has revised them. This may mean that the railroad found the

revised grading provides more satisfactory ballast for its purpose or it may mean that

the revised grading was found to better describe available production.

Railroad No. 6

Specifications for crushed stone and for prepared gravel ballast are given.

The requirements for .stone are evidently based on an earlier AREA specification.

They include limitations on solid unit weight, absorption, toughness, abrasion, and sound-

ness. The grading is required to be between 54 i"- ^nd 2)4 in- (round openings) with

tolerances of 5 percent for both the undcrsizc and oversize. This grading conforms

closely to standard size No. 24 except that the under size tolerance is somewhat more

rigid—being 5 percent instead of 10 percent. Specifications of stone ballast in terms of

AREA recommendations would appear to involve no important changes.

The gravel specifications require 40 percent of crushed particles. The grading is stated

in terms of separate percentages retained between screens with round openings and, except

for the substitution of a l-}4-in. screen for a 1^-in. screen, is identical with AREA speci-

fications issued in 1926. It is stated that these specifications are now under consideration

for revision. It appears evident that the railroad could adopt AREA recommendations

without significant change in practice.
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Railroad No. 7

This railroad has no printed specifications. Stone ballast is used and is required to

conform in grading to standard sizes of the local state highway department. Two sizes

are used which can be roughly described as J^ in. to 1 in. and 1 in. to 2 in. The first size

has fewer fines than permitted by standard grading No. S, but the differences are not

believed to be great enough but what the AREA specifications might be substituted with-

out such substitution representing a significant change in practice. The second size is

substantially the same as standard size No. 3.

Railroad No. S

Reference is made only to stone ballast. AREA specifications are used by reference

except that the grading is required to be from >>^ in. to 2J^ in. A mixture of sizes Nos. 3

and S would appear to meet the requirements.

Railroad No. 9

This railroad uses crusher run stone (novaculite), washed gravel, prepared unwashed

gravel, blast furnace slag and chats. The crusher run novaculite has a top size of 1 in.

and about 30 percent passing the No. 4.

In the case of washed gravel the railroad official reporting described departures from

AREA specifications concisely in the following language:

We use a 1-in. top size against AREA specifications of IJ^ in., because we
feel that 1-in. material is easier to shovel tamp. Our specifications call for a mini-

mum of So percent crushed material and we use 35 percent sand (minus No. 4)

against AREA specifications of 0-15 percent. We use the extra sand because it

acts as a binder and does not foul as quickly.

The "prepared unwashed gravel" specification provides for a product differing from

standard size G-1 principally in limiting the maximum size to 1 in.

It is believed that this railroad could specify ballast by reference to AREA recom-

mendations with a qualifying clause to limit the maximum size.

Detailed grading requirements for chats are given involving limitation on principal

sieves between the No. SO and the 1 in. Without giving the requirements in detail the

grading can be described fairly accurately by saying that 95 to 100 percent of the ballast

is required to be finer than 1 in., IS to 54 percent finer than the No. 4 and to 3 percent

finer than the No. SO.

No specifications for blast furnace slag are cited but it is said that it has a top size

of 15^ in. and an amount passing the No. 4 sieve which varies from 5 to 10 percent.

Railroad No. 10

This railroad refers only to its specifications for prepared gravel ballast. A single

grading, without range or tolerance, is given which would fall within the limitations of

standard size G-3. An unusual feature of the specification is that the requirements for

crushed particles vary with the different sizes—ranging from 15 percent for the material

retained on 1 in. to SO percent for the material retained on No. 10.

Railroad No. 11

Specifications are given for crushed gravel ballast (from a specific source), crushed

stone ballast and crushed river gravel.



Roadway and Ballast 323

The stone ballast is required to be "durable enough to resist the disintegrating influ-

ences of the climate where it is to be used". It is required to be graded from }^-'m. to

2J4-in. round openings. This size is approximated by either of standard sizes 3 or 4.

The "crushed gravel ballast" is evidently specified with a particular source in mind.

It is required to be graded from j4-in. to lJ/2-in. round openings. The grading required

would appear to approximate that of standard size No. 4, or perhaps 5, for stone or slag.

The "crushed river gravel" is required to have not less than 80 percent of crushed par-

ticles. The grading requirements are similar to those for standard size G-3 although the

limitations on amount of material retained on the 1-in. sieve are more rigid—75 to 85

percent being specified instead of 60 to 95 percent.

Railroad No. 12

This railroad's specifications for washed gravel ballast appear to represent a true

copy of the AREA specifications adopted in 1926 and printed in the 1929 Manual. Slag

ballast is said to be in accordance with AREA. It should not be difficult to induce this

railroad to adopt current AREA recommendations for gravel ballast as well as slag.

Railroad No. 13

This railroad cites a specification for stone issued in 1920. The specification for the

quality of crushed stone includes a limitation on specific gravity (not under 2.80) and on

compressive strength (not under 1,500° p.s.i.). This specification would appear to be

written around trap rock and in general would admit only trap rock or a very heavy

limestone. The grading requirements are 1J4 to 25^ in. in terms of round openings.

These requirements would be met satisfactorily, it would seem, by standard size No. 3.

The report states that consideration is being given to adopting a smaller size since

experience indicates such size to stand up as well as the larger stone under heavy traffic

and has the advantage of being worked more easily by track forces. The proposed smaller

size is ^ in. to 1J4 in. in terms of round openings which would be met reasonably well,

it would appear, by standard size No. 4.

Railroad No. 14

Reference is made only to stone ballast and it is stated that the majority of the

ballast is purchased from a single company. Two sizes are used. One from 1^ in. to

2% in. in terms of square openings and the other from ^ in. to 1J4 in. in terms of

round openings. The first is used for track ballast and the second in connection with

construction of highway grade crossings, station platforms, etc. It would appear that the

first size would be satisfactorily provided by reference to standard grading No. 3 and

the second by standard grading No. 5.

Railroad No. IS

Reference is made to a pit-run disintegrated granite ranging in size from % in. to

1J4 in- and to a processed gravel from ^ in. to 1J4 in., with all material from the deposit

over IJ^ in. being crushed and included in the ballast. It is stated that:

We are now considering a change in the specifications (Ed. gravel) to minus

IJ^ in. and plus % in. to give a greater percentage of crushed material.

Such a change would appear to result in a ballast which would conform to standard

grading G-3.

Railroad No. 16

The reporter states:
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Slag is used almost entirely for our bali^sl requircimnts. For many years we

used 23-B (Note: Same as size 24 in proposed consolidated specifications) ballast

slap in conformity with ARF^A specifications. However, in 19,39, wc constructed

trackage to enable us to obtain slag ballast on our own lines and since that time

we have been using crushed slag passing a 3 -in. round opening with the fine

screened out, but without requiring a proportioning of the retained slag. This has

proven very satisfactory.

R.-ilLROAD No. 17

This railroad has a specification for gravel ballast not unlike the AREA recommenda-

tions for pit-run gravel ballast. The requirements are 100 percent to pass a 2-in. circular

opening and 25 to 35 percent to pass a No. 10 screen. This differs from the AREA pit-run

gravel specifications principally in the maximum size—which is lYz-in. square opening

as compared to the 2-in. circular opening, approximating a 1^-in. round opening. It is

pointed out that the above specifications were drawn prior to those in the present ARE.A

Manual and that as they have given satisfactory results they have been continued.

R.'iiLROAD No. 18

AREA specifications apply as to quality requirements. As to grading, stone is required

to range from J/2 in. to 1J4 in. and the gravel to pass IJ^ in. and to contain 18 percent

of sand.

The 1/2 to 1^-in. stone would fall within the limits of standard size No. 4 while the

gravel grading described would fall within the limits of standard size G-2.

Railroad No. 19

No specifications for ballast are given but a typical grading is given for each "trap

rock ballast" and "crushed boulder ballast". The trap rock grading would fall within the

limits (substantially) of standard grading No. 5. The "crushed boulder" grading would

appear to be provided either by standard gradings No. 5 or G-3.

The reporter makes the following interesting comment with respect to AREA
specifications:

Our experience with AREA specification gravel is unsatisfactory. On two gov-

ernment sponsored jobs we specified AREA gravel in order to have some accepted

standard on which the engineers could judge the quality and grading. On both

these jobs we and the U. S. Engineers were badly disappointed with the perform-

ance of the ballast, so much so that on a third job the U. S. Engineers decided to

use our ordinary pit-run gravel and did so with very good success although the

pit-run gravel has no specifications and does not appear to be exceptionally desir-

able ballast. The trouble about gravel ballast specifications is that first-class ballast

gravel has to be naturally manufactured. By no means can river washed screened,

graded and rewashed gravel and the sand be mixed up with rounded aggregate to

form a ballast which will have sufficient metal in it and still lie still under high

speed traffic and still retain its tamping under such traffic. Natural glacial gravel

deposits do provide a mixture which is a great deal more satisfactory principally

because the particles are not nearly as round, smooth and regular in shape.

If I were going to rewrite the AREA specifications for gravel ballast, I would

put in a little more sand and a pinch or two of dirt—any kind of dirt except clay.

My reason for this would be that AREA specification gravel after several years'

service gets to be a pretty good ballast after it gets enough dirt in it to stay in

one place and not enough to block drainage.
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It would be of interest to know more about the characteristics of the "AREA speci-

fication gravel'' which gave these unsatisfactory results.

Railroad No. 20

Specifications arc reported for stone and gravel. The reporter points out:

You will note that these specifications vary slightly from the AREA, but you

will find that this is often necessary on account of the source of supply, as it

might be impracticable to procure ballast to meet certain specifications at different

locations.

Stone ballast is specified to be graded from J/2 in. to 1% in. in terms of round open-

ings. This size conforms substantially with standard size No. 5.

The requirements for gravel ballast are those of the AREA as printed in the 1929

Manual.

Railroad No. 21

"This company has no specifications for ballast as we use ballast obtained from

company owned pits either pit-run or crushed and reject no material".

Railroad No. 22

Uses smelter slag. Only specification is that it shall be free from dirt, loam, dust or

rubbish and contain no individual pieces of slag larger than will pass a 3 -in. round

opening.

Railroad No. 23

Specifications cover trap rock only. "They are based on the AREA specifications of

1941. but are in simpler form, as ballast furnished strictly in accordance with the AREA
specifications would cost more. We are getting a good quality of ballast with our speci-

fications. Our No. 1 size (1 to 2J/2 round) is similar to the AREA No. 3, but allows more

tolerance in the maximum size gradations as a concession to our producers. Our No. 2

size (^ to 1>2 round) is similar to the AREA No. 4."

Railroad No. 24

This railroad cites specifications for stone ballast which are in accordance with the

recommendations contained in the 1929 AREA Manual.

Railroad No. 25

Specifications for stone, slag and gravel are cited which were promulgated in 1936.

In the case of stone, requirements for weight, toughness, wear and soundness are in

accordance with AREA specifications then current. Two sizes are specified—one graded

•)4 in. to 2^ in. and the other Y^ in. to 1^ in. in terms of round openings. No interme-

diate gradation limits are given but these overall sizes can be met substantially by

standard gradings 4 and S.

Grading requirements for slag are same as for stone.

Washed gravel ballast is required to pass a 2^-in. circular opening and to contain

"sand" from 15 to 20 percent of volume of the ballast. Pit-run gravel ballast is limited

only by the requirement of "not more th;in 2 percent dust and/or 40 percent .sand."

Railroad No. 26

Good ballast rock not available. "However * * * deficiencies are not too serious

under local conditions of climate, traffic, etc. As it is necessary to accept material avail-
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able, a specification is superfluous and meaningless. The quality of rock is accepted as it

comes from the quarry and is crushed to size which will pass a 2J^-in. ring and be

retained on a J^-in. ring." A mixture of standard sizes 3 and S would meet these require-

ments in principle.

Railroad No. 27

Specifications are in substantial agreement with AREA recommendations. Stone is

graded from ^ in. to 2J/2 in. with "reasonable" tolerance on oversize and undersize

and no intermediate gradations specified. This size falls in the limits of standard size No.

24. Gravel is required to be graded from H in- to IJ^ in. and "experience indicates"

that material contains a minimum of 40 percent crushed particles.

R.'VILROAD No. 28

Specifications for gravel are cited which are used as a guide but not rigidly adhered

to. All ballast is prepared from gravel and is processed by crushing and screening and,

where water is available, by washing.

"In general the aggregate varies from 1 in. down to % in."

The grading cited is in substantial conformity with standard grading G-2.

Railroad No. 29

This railroad has no formal specification since ballast comes from sources of known

good quality. Crushed stone is specified to be graded from \% in. to 2J4 in. for heavy

lifts and from 14 in. to 1^ in. for patchwork. Gravel is specified to consist of 70 percent

washed crushed gravel 5^ in. to 2 in. and 30 percent of coarse washed sand evenly mixed.

The coarser stone grading appears to be within the limits of standard grading 3.

The finer stone grading conforms to standard size No. S except that it would appear that

fewer of the fines are permitted. The gravel grading does not violate the principle of the

recommended AREA grading although it does differ in detail.

Railroad No. 30

Prepared gravel specifications conform in all substantial respects to current AREA
recommendations. The railroad has no formal specifications for stone ballast but they

require it to be graded from 54 in. to 2}4 in. in terms of round openings. Standard

grading No. 4 would appear to approximate these requirements.

Railroad No. 31

This railroad specifies stone ballast in the following language:

Stone shall be made from hard, tough, durable trap, flint or limestone rock

or other stone acceptable to the chief engineer of the railroad—crushed to such a

size that it shall pass through a 2J^-in. ring in any direction, and shall be retained

on a 1-in. diameter ring. It shall be screened in a revolving screen and shall be

free from all dust, rubbish and dirt. Each car shall contain stone ranging in fair

uniformity between these limits.

These gradation requirements would be met by standard size No. 3.

Railroad No. 32

The specifications for stone ballast, adopted in 1930, appear to be based on recom-

mendations in the 1929 AREA Manual. Standard sizes Nos. 4 and S would appear to

meet requirements.
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The crushed gravel specification is not in fact a specification. It gives a specific

grading to be met which would fall within the limits of standard size G-3. As in the case

of railroad No. 10 the requirements for crushed particles vary with the size of particle

—

being 15 percent for material retained on 1 in. and increasing to SO percent for material

retained on No. 10.

Railroad No. 33

Specifications for "trap stone ballast" appear to be in accordance with recommenda-

tions for stone ballast in the 1929 AREA Manual.

Requirements for gravel ballast may be summarized briefly as follows so far as

significant characteristics are concerned:

Percent crushed—not less than 40 percent

Grading

—

H to ^ in. not more than 10 percent

yi in. to 1 in. not more than 40 percent

1 in. to 2}i in. not less than 50 percent

Railroad No. 34

This railroad has a complete and comprehensive specification for crushed stone, gravel

and slag ballast. It was issued in 1934 and seems to be based on AREA recommendations

current as of that date.

Railroad No. 35

This railroad cites specifications for stone ballast promulgated in 1938 and which

appear to be in substantial agreement with AREA recommendations current as of that

date. The size specified is the same as current standard size No. 4.

Railroad No. 36

Pit-run gravel used for ballast except for limited use of locomotive cinders. No fixed

specifications.

Railroad No. 37

Specifications given for stone and prepared gravel which were promulgated in 1937

and appear to be in conformity with AREA recommendations current as of that date.

Railroad No. 38

Specifications for stone and gravel ballast are cited. The stone is required to be

graded from ^ in. to 2 in. in terms of round openings, a product described by standard

size No. 4.

Gravel specifications are written differently depending upon the source of supply.

While they are stated in such terms that it is difficult to make direct comparisons with

AREA recommendations, they are not far out of line with them so far as grading is

concerned.

Railroad No. 39

Specifications for stone baUast are cited which appear to be modeled after current

recommendations of the AREA. Specifications were promulgated in 1943. Grading re-

quirements differ from those in AREA recommendations principally in more rigid toler-

ances on undersize and oversize and absence of intermediate limitations.
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Railroad No. 40

This railroad has no formal specifications for ballast but purchases stone with the

requirement that it shall be from ^ to 1)4 in. This size would appear to be met by

standard grading No. 4.

Railroad No. 41

This railroad has elaborate specifications for crushed stone ballast, washed gravel

ballast and "bar run river gravel ballast".

The stone ballast specifications include comprehensive requirements for quality cov-

ering weight, strength, solubility, wear, durability (as measured for freezing and thawing)

,

absorption, and cementing quality. The grading is required to be between a J/2-in. and

2J/2-in. ring, which requirement would be met by standard size No. 24.

The washed gravel ballast specifications require only that the material shall pass a

lYz-in. ring and contain not more than 15 to 20 percent of sand.

The bar run gravel ballast is required to pafs a 25^-in. ring and to contain .sand in

the amount of 30 to 40 percent finer than the 10-mesh sieve. These requirements are

similar to AREA recommendations for pit-run gravel.

Railroad No. 42

Specifications are given for crushed stone, gravel and slag.

The requirements are evidently modeled after earlier AREA recommendations.

Railroad No. 43

Same comments as made for railroad No. 42 apply here.

Railroad No. 44

Specifications for prepared gravel issued in 1936 and for stone ballast issued in 1928

and revised in 1933 and 1937 are stated as being "adapted from AREA".

Railroad No. 45

Specifications are cited for slag, stone, and gravel.

Slag is required to be graded from No. 4 to I^ in. and to weigh approximately 2,200

lb. per cu. yd. It appears that standard size No. 5 might be used to describe this material.

Stone is required to be graded from No. 4 to 1 in. Intermediate grading limitations

are such as to agree in detail with standard size No. 57.

Gravel is required to be crushed and washed and the ballast to consist of 70 percent

of gravel and 30 percent of sand with all material passing a IJ^-in. screen. Standard size

G-1 would appear to describe this material.

Railroad No. 46

This railroad is using chats altogether as ballast. The grading requirements cited are

such that thev could well be described by standard size G-1.
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Report on Assignment 10(c)

Report on Use of Chats Ballast with Recommendation as to

Whether or Not AREA Should Prepare Specification

Stanton Walker (chairman, subcommittee), F. W. Alexander, A. E. Botts, H. F. Brown,
A. P. Crosley, A. T. Goldbeck, A. D. Kennedy, E. R. Lewis, Raymond Swenk,
C. S. Wicker.

This report is presented as information.

The subcommittee developed information on the use of chats for ballast, as a result

of which it has reached the conclusion that it is not practicable to write generally accept-

able specifications. It will be observed that some information on chats ballast is included

in the accompanying report on Assignment 10(b). The sizes used depend almost alto-

gether on the local source. Sizes of material from the various sources differ so much that

any single specification probably would find little use.

It is recommended that the subject be discontinued, for the time being at least.

Report on Assignment 12

Ballast Tests: Study the Effect o£ Tamping

A. T. Goldbeck (chairman, subcommittee), H. L. Exley, O. N. Lackey, Paul McKay,
Raymond Swenk, Stanton Walker, C. S. Wicker, P. H. Winchester.

Subcommittee 12 is charged with the duty of developing methods of tests for ballast

and several projects are proposed for consideration and possible investigation by the

subcommittee.

Tamping Test on Ballast.—A description of an investigation of various types of stone

ballast making use of a tamping test to simulate the action of the actual tamping of

ballast under the ties was appended to the 1942 report of Committee 1.

Los Angeles rattler tests were also made on the materials used in the tamping test

and a general relationship was shown between the percentage of loss in the Los Angeles

rattler and the breaking down of the stone under the action of the tamping tools as

revealed by the final mechanical analysis of the sample. It has been suggested that the

tamping test may furnish a ready means for determining the suitability of routine tests

such as the Los Angeles rattler test or that it may furnish a means for conducting research

on ballast. The committee, therefore, has before it the problem of investigating the

feasibility of devising a suitable tamping test.

In view of the fact that the conducting of such a test will require the use of different

types of tamping tools, a rather elaborate set of equipment and the use of relatively large

quantities of ballast for each sample, such a test becomes quite expensive and obviously

would have to be conducted by a large organization capable of doing work of this nature.

The committee proposes to investigate the practicability of conducting a tamping test

with the idea of being ready when the manpower situation becomes more favorable.

Abrasion Test.—The specifications for ballast now include the use of a Los Angeles

abrasion test. This test is quite well developed, but there is still the problem of applying

it properly to the testing of large size ballast. The problem needs further investigation.

Work of this nature has been started by several cooperating laboratories and it would
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seem to be the function of this particular subcommittee to give such advice as may aid

these cooperating laboratories in conducting work along lines which would be suitable

for our purpose. Possibly further cooperative investigations should be initiated also.

Sub-Ballasts.—The development of suitable tests for sub-ballasts is a portion of the

assignment. There are several types of sub-ballasts available, such as cinders, stone screen-

ings and also bank-run gravels, slag screenings, chats, etc. The question arises as to how
to determine the suitability of these different types for the function which they must

perform, namely, that of preventing mud pumping and mud infiltration. It is perhaps

not generally realized that under the enormous number of repetitions of load, internal

movement takes place in ballast and a considerable amount of grinding is brought about,

not only of the ballast itself, but of the cinders which fill the voids in the ballast. It is

possible also that grinding takes place in the sub-ballast. Thus far no outline of a proper

research on sub-ballast has been made and your subcommittee is seeking thought as to a

proper method of procedure.

Report on Assignment 13(a)

Investigate the Use of Asphalt in Ballast

C. p. Nicholson (chairman, subcommittee), Clifton Brannon, G. H. Burnette, H. B.

Bussing, F. W. Capp, W. S. Moore, J. M. Podmore, C. S. Wicker.

A report on this subject was made last year as printed in the AREA Proceedings,

Vol. 44, 1943, page 543, giving particular attention to a 600-ft. test section of emulsified

asphalt-coated stone ballast on the eastbound high-speed track of the New York Central

Railroad at Bryan, Ohio. In this report reference was made to some contemplated repairs

to be made during the latter part of the year 1942. These repairs were completed as

planned, and the following is submitted as additional information.

During September 1943 the following work was performed at this location:

One rail joint at the east end of the highway crossing through the platform was

found to be a little low, the cross ties supporting this joint were raised, thoroughly

tamped and resealed with asphalt emulsion. Approximately eight wheelbarrow loads of

sand, cinders and refuse material have collected on top of the original seal coat within the

600-ft. area during the year; this was removed. A few cracks had developed in the sur-

face of the seal, and along edges of the cross ties; these cracks were cleaned out and

refilled with asphalt and sand. The total labor and material:

J4 cu. yd. of sand

250 gal. of emulsified asphalt

72 hours for section foreman

153 hours for section laborers

The above will constitute the total expenditure for maintaining this test section

during the year 1943.

Throughout the year this section of track has remained in good line and surface

and the coated ballast sheds water readily. There has been no evidence of heaving during

winter months.

On September 7, 1943, the Illinois Central Railroad began installation of a test section

of asphalt ballast coating beginning at M.P. 46 and extending northwardly 2,485 ft. at

Manteno, 111. This test was sponsored by the Asphalt Institute of Washington, D.C., and

has received financial aid from the Association of American Railroads.
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In this locality there are three main line tracks, the center one of which was selected

for the test. This track is laid with 131 -lb. rail, is ballasted with stone ballast to a depth

of 12 in. beneath the ties conforming particularly to the standards of the AREA specifi-

cations, and tamped with air tools. The track joints are three-tie supported and the rail

is well anchored. All tracks are on IS-ft. centers and the finished asphalt coating covers

the track for approximately 12 ft. measured 6 ft. either side of the center line. The entire

test section is on a tangent.

In preparing for the installation, preliminary work included cleaning the existing

ballast with a ballast cleaning machine to provide better drainage and dressing ballast

for the new coating.

The work was started on September 7. Traffic was diverted from No. 2 track and

all equipment and material to be used was loaded on cars to be handled by work train.

The locomotive was equipped with steam connection from the steam dome to the tank

car for heating the asphalt, the tank car containing 7,200 gal. of Texaco No. 96 asphalt

paving cement was placed immediately following. Behind this was placed a flat car con-

taining a 900-gal. capacity distributor truck equipped for spraying the asphalt. Next

followed two gondolas, the first containing 40 yd. of coarse stone screenings for the first

coat; this material was graded OS to 100 percent passing a 2^-in. screen, 25 to 75 percent

passing a 2-in. screen, and to 5 percent passing a 1^-in. screen, the second gondola

containing 30 yd. of fine screenings for the second or sealer coat; this was graded 95 to

100 percent passing a ^-in. screen, 25 to 75 percent passing a J^-in. screen, and to 5

percent passing a J4-in. screen.

A wooden frame shield was used to avoid the dripping of asphalt on the running

surface of the rails, and a wooden straightedge was used to maintain a true line on the

outer edge of the asphalt covering. During the period of the work the weather remained

fair and cool, with a temperature ranging from 49.5 to 74.2 deg. F.

On September 7, 190 lin. ft. of first coat was applied, using 800 gal. of asphalt and

4 cu. yd. of the coarse stone screenings, with a labor expenditure of 10 hours time for

each of 2 spray machine operators, 2 section foremen and 10 laboi'ers. On September 8,

560 lin. ft. of first coat was applied beginning at the end of the work on the seventh,

1,250 gal. of asphalt and 10 cu. yd. of the coarse stone were used, with 10 hours time

for each of 2 spray machine operators, the 2 section foremen and 11 laborers. On Sep-

tember 9, 1,340 fin. ft. was applied using 2,600 gal. of asphalt, 20 cu. yd. of coarse stone

and 10 hours time for the same force that worked on the preceding day. On the tenth,

395 lin. ft. of the first coat was applied using 40 cu. yd. of coarse stone, and the entire

2,485 lin. ft. of the second or sealing coat laid, using the 30 yd. of fine screenings with

the identical force as on the ninth, thus completing the work.

The asphalt was heated to a temperature of 275 to 350 deg. F., with the ballast

thoroughly dry and tamped to fill the voids. The first coat was applied by a hand spray,

the second coat was applied directly from the distributor through a spray bar, and

promptly covered with fine stone screenings. The screenings were shoveled from cars

direct to the track and distributed evenly over the surface with the use of snow brooms.

The car containing the stone screenings was cut off from the work train while the first

coat was being applied, and moved along by pinch bars as the work progressed. When

the second and lighter coat of asphalt was applied the work proceeded much faster and

it was necessary to pull the car containing the screenings back of the distributor by means

of a cable. This did not interfere with spraying of the asphalt, and made it possible to

apply the screenings while the asphalt was still hot.

The area covered was 3,010 sq. yd. at a cost of 59 cents per sq. yd. However, much

of the time and expenditure were used in determining how to carry out the work, and
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Cost oi- thk Projkct

7,200 gal. Texaco 96 asi)lialt cement at 0.00 75 .i;48t).00

Freight on asphalt 90.00

40 cu. yd. coarse aggregate at 0.6S 26.00

30 cu. yd. fine aggregate at 0.65 19.50

$621.50
Work train service (4 days) at $125.00 500.00

Asphalt distributor (Including 2 operators, 5 days) ... at 70.00 350.00

850.00

Labor: Section foremen 64 hours at 0.75% 49.06

16 hours at 1.15 18.40

Section laborers 344 hours at O.SS 189.20

86 hours at 0.825 70.15

326.81

Total cost i?l,798.31

based upon the experience gained in this installation, it was concluded that it would be

practical to install one-half track mile of asphalt ballast covering per day with the same

crew and equipment used on this installation at a cost of about $2,000 per track mile.

The asphalt was furnished by the Texas Company, Chicago, the aggregates were

supplied by the Lehigh Stone Company, Kankakee, 111., and the AAR assumed the freight

charges on these materials, and paid the rental on the asphalt distributor and the wages

of the two men who operated it. All other expenses were borne by the Illinois Central.

In drawing conclusions, this particular job must be considered a pioneering enterprise,

and much time was consumed in connecting and adjusting the equipment, organization

of the force and determining the most expeditious method for making the application.

Report on Assignment 13(b)

Use of Grout in Ballast

C. p. Nicholson (chairman, subcommittee), Clifton Brannon, G. H. Burnette, H. B.

Bussing, F. W. Capp, W. S. Moore, J. M. Podmore, C. S. Wicker.

This committee has nothing further to report at this time. Various tests of grout

in ballast are under observation.

Subcommittee 6(b)—Stabilization of Roadbed, has made a report covering stabiliza-

tion methods wherein grout was considered, and asks that the subject be re-assigned for

further development. Subcommittee 13(b) also feels that the subject should be con-

tinued for closer study.

Report on Assignment 14

Specifications for Riprap

L. H. Roden (chairman, subcommittee), F. W. Alexander, H. B. Bussing, A. P. Crosley,

H. L. Exley, J. A. Given, Paul McKay, G. W. Miller, J. A. Noble.

This is a progress report, presented as information.

In an attempt to establish terms designating the size and weight of riprap more

definite than those commonly used, such as "one-man riprap", etc., the Board Committee

on Outline of Work assigned this subject for study and report.
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It is the recommendation of the committee that the size and weight of riprap be

designated by Class A, B and C, as shown in the proposed specifications.

Your committee recognizes the fact that it is not possible to prepare a specification

that will cover every job. Because of local conditions or nature of the work, some jobs

will require special specifications which would only apply to the one locality. However,

it is beUeved that a specification covering this material for a majority of cases is a step

in the right direction, and will eventually result in uniformity of material.

The committee invites the members of the Association to criticize these specifications

freely as it hopes to present them in 1945 for adoption as recommended practice.

SPECIFICATIONS FOR RIPRAP
1. Scope

The intent of these specifications is to provide stone suitable for protecting founda-

tions of piers, abutments, and walls from scour and the slopes of embankments from

washing and slipping.

2. Quality Requirements

All stone for riprap shall be dense, sound and hard, and of a quality that wUl with-

stand the action of water, frost or other weathering. It shall be durable under exposure

to any acid-bearing waters found at or near the work site.

3. Classification

Stone for riprap may be irregular in shape and shall be classified as follows:

(a) Class .4.—Each stone shall weigh not less than 20 pounds nor more than 140

pounds and at least 50 percent of the stones must weigh more than SO pounds each. No
dimension shall be less than 4 inches.

(b) Class B.—Each stone shall weigh not less than SO pounds nor more than 150

pounds and at least SO percent of the stones must weigh more than 100 pounds. No
dimension shall be less than 6 inches.

(c) Class C.—Each stone shall weigh not less than 140 pounds nor more than 450

pounds and at least SO percent of the stones must weigh more than 200 pounds each. No
dimension shall be less than 8 inches.

4. Inspection

All material shall be subject to inspection by an authorized company representative

at the point of production.

5. Measurement

(a) Riprap shall be paid for by the ton or cubic yard, as specified in the contract.

The weight per cubic yard shall be determined by weighing at such intervals as may be

ordered by the Engineer, not less than 5 cars loaded with riprap, the contents of which

have been carefully measured. The weight per cubic yard or cubic yards per car thus

determined shall be used as the basis of payment until additional tests are made.
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Committee

To the American Raihvay Engineering Association:

Your committee reports on the following subjects:

1. Revision of Manual.

Progress report embracing temporary emergency revisions of specifications

for testing track tools and recommendation for adoption as recommended

practice. Recommended changes in track tool plans page 337

2. Fastenings for continuous welded rail, collaborating with Committee 4—

•

Rail.

No report.

3. Plans and specifications for track tools, including their repair and reclama-

tion, and recommended minimum limits for reclaimed tools, collaborating

with Committees 1—Roadway and Ballast. 22—Economics of Railway

Labor, and with the Purchases and Stores Division, AAR.

Recommended changes in specifications and plans for track tools, presented

for adoption page 337

4. (a) Plans for switches, frogs, crossings, spring and slip switches, collabo-

rating with Signal Section, AAR.
Spring switch plans presented for adoption, and

Design of manganese insert turnout frogs, presented as information page 339

(b) Track construction in paved streets, collaborating with Committee 9

—

Highways.

No report.

AREA Bulletin 444, February 1944.
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5. Prevention of damage due to brine drippings on track and structures, col-

laborating with Mechanical Division, AAR.

Progress report, presented as information page 339

6. Design of tie plates for RE rail sections as developed, collaborating with

Committees 3—Ties, and A—Rail.

No report.

7. Welding of manganese castings in special trackwork, collaborating with

Committee 27—Maintenance of Way Work Equipment.

Progress report, presented as information page 340

8. Bolt tension necessary for proper supporting of rail joints.

Progress report, presented as information page 356

9. Report on special assignment-testing.

No report.

10. Recommendations on number and placing of anti-crecpcrs for various condi-

tions.

Progress report, presented as information page 373

11. Investigate reactance value of spring washers, collaborating with Com-
mittee 4—Rail.

Progress report, presented as information page 376

12. Study of stresses in tic plates.

Progress report, presented as information page 376

13. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Track,

W. G. Arn, Chairman.

Millath ILttop l^oUcr

The members of the Committee on Track express profound regret occasioned by the

death on November 19, 1943, of their fellow-member, Willard L. Roller, division engineer

of the Chesapeake & Ohio Railway at Columbus, Ohio, and long a member of this com-

mittee. As a subcommittee chairman he gave much valuable service to the committee and

the Association. His associates feel deeply the loss they have sustained and will miss

greatly the spirit of friendly cooperation which he displayed at all times.

Mr. Roller was born February 22, 1881, at Elgin, Ohio. After graduation from

Mendon, Ohio, high school and a half year at Tri-State Normal College, he studied civil

engineering at Ohio State University for three years. After 15 months' service as drafts-

man for the Jeffrey Manufacturing Co., he entered the employ of the Hocking Valley

Railway as rodman. He later became timekeeper, inspector and assistant engineer of

maintenance. He was then assistant engineer in charge of dock and terminal construction

at Toledo, Ohio, and Wallbridge for five years, and for the following .21/2 years was
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resident engineer in charge of construcHon ol tlie Ciiesapeake & Ohio Northern Railway

from Lineville, Ky., to Waverly, Ohio. Dviring the next two years he was engineer of

construction in charge of second track and other improvements for the Hocking Valley

between Columbus and Toledo. He was appointed engineer maintenance of way of the

Hocking Valley in 192S, and served in that capacity until 1930, when he was appointed

division engineer of the Chesapeake & Ohio Railway Company, the position he occupied

at the time of his death.

Mr. Roller was a member of Committee 8—Masonry during 192&-1929 and had

been a member of the Track Committee since 1930, and chairman of its subcommittee

on track tools for eight years.

Report on Assignment 3

Plans and Specifications for Track Tools Including Their Repair
and Reclamation, with Recommended Minimum Limits

for Reclaimed Tools

Collaborating with Committees 1—Roadway and Ballast, 22—Economics of

Railway Labor and with Purchases and Stores Division, AAR

W. E. Cornell (chairman, subcommittee) , E. W. Caruthers, L. W. Deslauriers, J. A. Ellis,

R. A. Gravelle. C. E. R. Haight, E. T. Howson, F. J. Jerome, J. H. Kelly, E. E.
Martin, J. B. Myers, C. J. Rist, W. L. Roller, G. M. Strachan, J. G. Wishart.

The War Production Board has placed certain restrictions on sizes and types of tools

and on materials to be used in the manufacture of some of the tools covered by AREA
recommended plans. Taking into consideration this fact, together with a desire to reduce,

so far as practicable, the number of recommended types and also to adopt improved

designs where a need for such improvement is demonstrated, the committee recommends

the following changes in the material now in the Manual on track tools.

Specifications, Pages 5-48 and 5-49

9. Spike Mauls—Plan No. 3

20. Sledge —Plan No. 13

In each case change the paragraph to read:

In lots of less than 120, no test will be required; in lots of from 120 to 500, and

thereafter from each lot of 500 or fraction thereof, a sample shall be subjected to 1,000

full .swinging blows for open hearth steel and 3,000 full swinging blows for alloy steel

by continuous hand striking or the mechanical equivalent on a die block of Brinell 400,

without undue mushrooming or cracking of the face or edge of mushroom.

22. Track Chisel, Design No. 1—Plan No. 16

Track Chisel, Design No. 2—Plan No. 17

Change the paragraph to read:

In lots of less than 120, no test will be required; in lots of from 120 to 500, and

thereafter from each lot of 500 or fraction thereof, a sample shall be tested by cutting

100 linear inches in a rail head of Brinell 260 by mechanical or hand striking approxi-

mating service conditions, to a depth of w. inch below original surface; in addition,
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strikin;: 3 Rdiitrinn l)Iovv.s (if such inli-iisity as lo Kivf for each blow a cut of approxi-

niatc'lx i",i inch in depth. The chisel point shall stand this test uninjured and the head

shall stand up without undue battering.

Plans, Pages 5-54 to 5-70, Inclusive

L:ni:i.u Bar—Plan No. 5

I hat a 22-pound bar be substituted for the 20-pound bar. The 22-pound bar to have

the following dimensions: A = 5 feet 4 inches; B = Jx inch; C = 14 inches; D = 14

inches; E = 3 inches; F = 1^ inches; N = 10 inches.

R;'.il Tongs-—Plan No. 6

That Plan No. 6-44 be adopted for publication in the Manual in place of Plan No. 6.

Tn.ck .Adze—Plan No. 12

'1 hat the sizes of track adzes he limited to one .size only, namely, 4-inch by 9-inch

blade.

Double Faced Sledge—Plan No. 13

That the 14-pound and 16-pound sizes be removed from the plan.

Track Chisel, Design No. 1—Plan No. 16

That this design be remo\ed from the plans.

Track Chisel, Design No. 2—Plan No. 17

That the specifications be revised to permit open hearth steel in this design.

MAXIMUM OPENING 3;

NO HARDNESS TESTS REQUIRED

APPROX WEIGHT 18 LB

-i RIVET

AREA.

RAIL TONGS

MAR 19 3t PLAN NO 6-4. 4-

Revised Plan of Rail Tongs.





HEEL AND TOE END OF
MANGANESE STEEL WINGS

1—DETAIL OF JOINT BARS. Purchaser shill in all

ases supply detail of joint bars, especially as to size

nd location of holes required in rail ends.

3—SPECIFICATIONS: See Appendii "A".
Bolt sizes and details shall be per Section 1402
Appendix "A".

NOTE
CRO«N OF CASTING
ShiALL BE RAISED ji
ABO/E TOP OF RAIL AT
Poii>rr TO RUN OUT to
rJOTHItgG AT 8' FROM
OPEN HEARTH RAIL
AT HEEL SLOPE OF
GAGE WALL OF MANG.
PT SHALL CONFORM TO
RAIL SECTION AT JOINT
TftirSTlON TO NORMAL
SLOPE (t \n i) SHALL
BE l2':

SEC AT ACTUAL I'POINT ELEVATION OF POINT

Tentative Design for Test installations

American Railway Engineering Association

Construction and Maintenance Section
Association of American Railroads

NO.IORAILBOUND MANGANESE STEEL FROS

131-LB. RE RAIL SECTION

PLAN NO. 623-44T





16-6" STRAIGHT SWITCH I9'6' CURVED SWITCH 22 0' STRAIGHT SWITCH

Bill. OF MATERIAL 300 STRAIGHT SWITCH

—J—iof-^-iH -t-nt—
300' CURVED SWITCH 39'0' CURVED SWITCH

American Railway Engineering Association

SPRING SWITCHES
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Report on Assignment 4(a)

Plans For Switches, Frogs, Crossings, Spring and Slip Switches

Collaborating with Signal Section, AAR

E. W. Caruthers (chairman, subcommittee), Lem Adams, L. L. Adams, C. A. Anderson,

E. W. Backes. T. H. Beebe, F. J. Bishop, C. W. Breed, E. D. Cowlin, H. Q. Day,

L. W. Deslauriers, J. A. Ellis. J. W. Fulmcr, R. A. Gravelle, N. M. Hench, A. B.

Hillman. I. V. Houston, A. F. Huber. W. G. Hulbert, C. T. Jackson, L. I. Martin,

F. H. Masters, R. E. Miller, J. B. Mvers, G. A. Peabody, J. A. Reed, O. C. Rehfuss,

C. J. Rist, I. H. Schram, G. J. Slibeck, C. R. Strattman, H. N. West, R. P. Winton,

J. G. Wishart, M. J. Zeeman.

During the year the committee has prepared a plan showing the modilications recom-

mended in adopted plans of switches to permit their use with retarded action spring

mechanisms.

This plan No. 181^4, "Spring Switches", was prepared in collaboration with the

Signal Section of the Association of American Railroads and the committee offers it for

adoption as recommended practice and publication in the Portfolio of Trackwork Plans.

The committee has given further study to the subject of railbound manganese steel

frogs to meet the requirements of present day heavy wheel loads. Plan No. 623-44-T,

"No. 10 Railbound Manganese Steel Frog. 131-Lb. RE Rail Section", has been prepared

with the assistance and recommendations of the Standardization Committee of the

Manganese Track Society and is presented as information for test installations.

Report on Assignment 5

Prevention of Damage Due to Brine Drippings on Track and

Structures, Collaborating with Mechanical Division, AAR

G. M. Magee (chairman, subcommittee), W. G. Arn, H. R. Clarke, J. A. Ellis, C. T.

Jackson, F. J. Jerome, R. L. Schmid, R. R. Smith.

The committee reports progress on this assignment during the }ear. As described in

previous committee reports, laboratory investigations have indicated that corrosion due

to brine drippings might be effectively inhibited by adding a small amount of sodium

dichromate, neutralized with soda ash, to the brine in refrigerator cars. However, due to

the toxicity of the dichromate and the type of construction of the ice compartments in

refrigerator cars, it was found that it would be necessary to add the inhibitor after the

brine has left the interior of the car. Plans have been made to construct a tank in the

laboratory of the Chicago & North Western Railway whereby the tests can be made with

various filter designs in an endeavor to develop a type of filter which will satisfactorily

add the desired amount of inhibitor to the brine as it is passed through.
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Report on Assignment 7

Welding of Manganese Castings in Special Trackwork

Collaborating with Committee 27—Maintenance of Way Work Equipment

F. J. Bishop (chairman, subcommittee), Lem Adams, L. L. Adams, C. A. Anderson,
A. L. Bartlett, T. H. Beebe, E. W. Caruthers, H. Q. Dav, L. W. Deslauriers. J. A.
Ellis, J. W. Fulmer, C. E. R. Haight. H. H. Harman, C. T. Jackson, F. J. Jerome,
G. M. Magee, R. E. Miller, O. C. Rehfuss, C. J. Rist, R. E. Sampson, I. H. Schram.
G. L. S;tton, G. J. Slibeck, R. P. Winton, M. J. Zeeman.

The following report, presented as information, covers investigational work in nn

effort to develop improved methods of repairing manganese trackwork by welding. This

is a cooperative investigation involving joint participation by the Ch'cago, Milwaukee.

St. Paul & Pacific Railroad, the Toledo Term'nal Railroad, the American Manganese and

Ramapo Ajax divisions of the American Brake Shoe & Foundry Company, the Pettibone

Mulliken Corporation, the Morden Frog & Cro.sing Works, the Cleveland Frog & Cross-

ing Company, and the Association of American Railroads. The field investigational work

is being carried out by the AAR Engineering Division research staff.

Test Welds in Milwaukee Railroad Installation

Following a study of available data on welding of manganese trackwork, the com-

mittee decided that some research work would be cf value in improving the welding

technique. In accordance with this decision, 24 manganese castings from several manu-

Fig. 1.— Special Cast-
ings for Manganese Weld-
ing Test on Milwaukee
Road Prior to Welding in

November 1942.
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facturers were installed in a heavy traffic slow speed freight track of the Milwaukee

Railroad near Mannheim, Til., in November 193P. No exact information on (he traftu

density is available, but i( is estimated to i)e from 10 to !.'> million gross tons per year.

The castings were assembled in three panels of eight castings each. A view of the west test

panel is shown in Fig. 1. The other two panels may be seen in the background. The scope

of the program was .set forth in Appendix H of the report of the Track committee, Pro-

ceedings, Vol. 41, 1Q40, page 573.

A report of Laboratory Investigation of Welding of High Manganese Steel was pub-

lished in the Proceedings, Vol. 44, lQ4,v page \S.'<. This rei)ort covered a laboratory study

Fig. -Casting 7, Center Panel, After Welding; I'l-In. Diameter Nickel-Manganese
Bare Electrode; 95-.Amp. Current; Weld Deposit Peened.

of two sections of frogs that had been removed from service after having been repaired

several times by welding and a number of test welds made on special bar castings in the

laboratory with various types of rods.

The castings installed in track had become so worn by the latter part of 1942 that

it was decided to weld two panels of eight castings each which were showing somewhat

more wear than the third panel. The third panel was left undisturbed pending develop-

ments in the welding of the other two. The welding was done between November 25 and

30 in temperatures of 18 to 58 deg. F. A direct-current welding generator was used. This

machine was not equipped with an ammeter or voltmeter. Fig. 2 is a closeup view of a

casting after welding but before grinding.

It was considered desirable to make some changes in the welding program from that

originally planned becau.se of the limited number of castings and the results of the

laboratory investigation. The program of welding and various other data are given in

Table 1. The welding program decided upon covered the following factors and conditions:
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In making all the test welds unless otherwise noted, the surface to be welded was

first cleaned by light grinding and brushing. The weld metal was peened immediately

after application and cleaned with a wire brush. Beads were placed alternately on the

point and wing to permit cooling of the base metal. The same welder made all of the

welds.

Oscillograph Records

Oscillograms were taken of the current and voltage during the welding of each

casting with the thought that the records would show characteristics which might later

be helpful in interpreting the results of the service tests. A magnetic galvanometer oscil-

lograph was used to record the current and voltage in the welding circuit while each

casting was being welded. Records were not taken continuously but generally at two or

more times during the welding of each casting. In each instance a short record with rela-

tively high film speed was taken at starting and again near the end of the rod and then

a record was made at lower speed for the whole rod or half rod depending on the type

of grip used on the rod. The welder preferred a middle grip because the rod could be

held steadier in that way and did not overheat. For this reason that manner of holding

was generally used.

Three sections of the oscillograph records are shown in Figs. 3(a), 3(b) and 3(c).

Fig. 3(a) is for casting No. 7 of the center panel using nickel-manganese bare rod i*g in.

diameter by 18 in. long. This record may be called representative of a number of the

records in that it was made with recommended settings and shows a regular pattern of

variation similar to many of the other records. The lower trace represe»ts the current

and the upper trace the voltage. The zero values are at the positions indicated.

It is seen that the current varies over quite a range in spite of being nominally direct

current. The metal is evidently deposited partly as relatively large globules and partly

as a spray or mist. Whenever a globule drops through the arc the resistance of the arc

path is markedly lowered, the current increases and the voltage is simultaneously lowered.

This action occurs at fairly regular intervals averaging about 0.1 sec. apart. The vertical

lines across the record are at 0.1-sec. intervals. Only the top and bottom of the voltage

variations can be seen (upper curve) because the changes occurred too fast for the paper

to record them. However, it can be seen that the current peaks (large current) occur

simultaneously with the large drops in voltage. An approximate value for the upper limit

of current when the arc is shorted and the more steady lower value when the material

is spraying on are given for each casting in Table 1 under "Current-Oscillograph".

Fig. 3(b) (casting No. 1) shows the record for the stainless steel welding rod. This

record indicates that the material went on more as a mist with relatively fewer large

drops. This material seemed to flow more readily and spread out more as it went on.

Fig. 3(c) is for the nickel-manganese 54 -i"- rod. This larger diameter required such a

large current that the welder was unable to hold the arc consistently; the pattern is

irregular and the arc was lost several times during the time of the recording.

Comments on the Records

The records for the other tests are not shown but certain comments and conclusions

may be made concerning them. Castings No. 6, 7, and 8 of the center panel (See Table 1)

were welded at nominal settings of 100, 130, and 160 amp. The records showed the

100-amp. setting to be too low a current value and the arc was lost several times. The

intermediate setting (130 amp.) gave a more regular pattern and the arc held well. For

the 160-amp setting, the arc was somewhat more irregular. The 130-amp. setting gave

the best operation as judged by the record and the opinion of the welder.



344 Track

O



Track 345

u



346 Track



Track 347

Comparison of these nominal current settings in Table 1 with the actual maximum

and minimum current levels as shown under the column headed "Oscillograph" shows

that the settings are merely nominal references as far as the indication of the actual cur-

rents are concerned. The "arc" current values as determined from the oscillograph are

from 20 to 30 amp. below the nominal current settings. These oscillograph values are in

themselves approximate averages, but they show the wide range in current and that

even with similar settings there are considerable variations that may be due to the kind

of rod or variations in technique. The usual direct current ammeter would tell little about

the current actually present. The indications would be affected both by the frequency of

occurrence of the peaks and the dynamic characteristics of the meter.

Some evidence was present in the records that the rod, when gripped at the end.

was heated up before the rod was finished. The middle grip rods did not show heating.

Effect of Rod Size

Three diameters of nickel-manganese rods were used. The %-\n. rod gave a fairly

regular record and appeared to be satisfactory and went on well; but, of course, more

rods were required to build up the casting. The iV-in. rod gave satisfactory results and

reduced the number of rods required to deposit the necessary amount of weld metal from

34 for the 5^-in. rod to 24. The ^-in. rod required considerably more current and the

Table 2.

—

Additional Hardness Readings in Brinell Numbers (December, 1942)

West Panel Center Panel East Panel

Casting After IS Days After 15 Days Not
Number Service Service Welded

1 304 429

2 313 4S9

3 200 313 444

4 307 458

5 290 304 461

6 321 438
7 299 328 429

8 307 472

Taken on Wing Away From Wheel Contact

West No. 1 21.=?

West No. 3 164

Center No. 3 181

Center No. 8 202

East No. 1 181

East No. 5 181

operator had trouble holding the arc and the record was irregular. The number of rods

was only reduced by 3 to 21 as compared to the T^g-in. rod. The number of rods is sig-

nificant in comparing the amount of welding rod used (making allowance for the different

diameters) . Also, from the standpoint of over-all welding time, there is an advantage in

keeping the number of rods used to the minimum. The M—in. diameter seems the more

satisfactory size as far as can be judged from these results.

Certain variations were noted in records for supposedly similar conditions. These

variations were probably due to uncontrolled factors such as the temperature, wind,

operator's technique and others.
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Certain miscellaneous comments may be made. The stainless steel rod went on more

as a spray than as globules and flowed more as it went on. The nickel-manganese grey

coated rod had similar characteristics and its globules appeared to be smaller. At least

the shorting effect on the arc was less. The welder did not like the weld obtained and

the metal applied showed occasional pin holes. The nickel-manganese black coated rod

showed some effect of heating before the end of the rod was reached.

In Table 2 are given some additional hardness readings taken on the welds and the

castings. Reference to this table and Table 1 shows that hardness of the casting at the

running surface was generally 400 Brinell or more before welding and about 250 after

welding. About two weeks later the welds had increased in hardness to 300 Brinell or

Fig. 4.—Frog No. 5 of the Center Panel on December 10, 1943. Welded November
1942 with Copper-Molybdenum-Manganese Rod and 9S-Amp. Current.

above. A reading taken away from the wheel bearing on the No. 3 casting of the west

panel, a nickel-manganese casting, disclosed a hardness of 164 compared to 215 on a

regular casting. Similar readings on the regular castings in the center panel gave hard-

ness values of 181 and 202 (No. 3 and 8). These hardness readings were taken by a Poldi

portable instrument that comjiares impressions made in a standard bar with those in the

specimen and arc approximate values.

Service Performance of Welded Frogs

Periodic inspection and batter measurements of the frogs have been continued since

the frogs were welded in November 1942. In the inspection of July 29, 1943, frogs No. S

and 6 of the center panel showed failure of the weld on the wing portion of each frog.

Frog No. 5 of the center panel was welded with the copper-molybdenum-manganese bare

electrode with 9S-amp. welding current, and frog No. 6 was welded with nickel-manga-

nese rod, using 75-amp. welding current. Figs. 4 and 5 are photographs of frogs No. 5
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and 6 taken December 10, 194,^. The superficial appearance of these two weld failures

indicates the welding current was not high enough to secure adequate penetration. It is

proposed to examine these two frogs in the laboratory to verify this ilefinitely.

In the inspection of December 10, 1943, frog No. 2 of the center panel indicated

slight spalling on the wing rail. This frog was welded with a bond course made with a

stainless steel rod, which was then covered with nickel manganese. Frog No. 4 of the

center panel showed slight spalling on both the point and wing; this frog was welded

with nickel-manganese rod with no peening. Frog No. S of the west panel showed some

spalling both on the point and wing. This frog was welded with nickel-manganese coated

electrode, using 140-amp. current.

Fig. S.—Frog No. 6 of the Center Panel on December 10, 1943. Welded November
1942 with Nickel-Manganese Rod and 7S-Amp. Current.

Test Welds on Toledo Terminal Railroad

It was thought there would be considerable advantage in having additional field

installations to supplement the tests on the Milwaukee Railroad at Mannheim because

only one frog was welded with each of the various procedures. The Toledo Terminal

Railroad had installed 11 No. 9 solid manganese turnout frogs in January 1942, and

inasmuch as all of these frogs were subject to the same traffic density, which was, inci-

dentally, quite heavy—approximately 40,000,000 gross tons per year—it was concluded

that this installation would provide an excellent opportunity for additional tests. These

frogs had become so battered by November 1943, it was concluded they should be built

up by welding. Accordingly, it was decided that five of the frogs should be built up using

bare nickel-manganese rod with variations of welding procedure; five with bare copper-

molybdenum-manganese rod using the same variations of welding procedure, and the

eleventh frog should be built up with coated copper-molybdenum-manganese rod. Inas-

much as seven of the frogs had trailing points and four facing points, the welding sched-
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ulc was arranged to take this into account. The variations to In; used in the welding

technique included the effect of peening, pregrinding, and amount of welding current.

These data are shown in Table 3.

Details of the Welding

The first frog was welded with copper-molybdenum-manganese rod, using the weld-

ing current which the regular frog welder on the Toledo Terminal had found from

experience gave welds which would stand up longest under the traflic. Oscillograms of

the current and voltage were made during the welding of this frog. A typical oscillogram

of this welding is shown in Fig. 6(a). It will be noted that the characteristics of both

current and voltage are quite similar to those determined in the Milwaukee Road tests.

The current generally maintains a rather stable value except that periodically it increases

in a sharp peak as the welding electrode forms drops of metal which make a temporary

short-circuit. Momentarily sharp reductions in welding voltage accompany the peak

current values. The significant current value is considered to be the arc current rather

than the short-circuit current. The average arc current value for this frog was found

to be ISO amp.

For welding the second frog it was decided to use the same type of welding electrode

but the setting on the welding machine was changed to give a low current. The machine

was adjusted for as low a current as the welder thought was giving satisfactory penetra-

tion, and the frog was welded using this current, and oscillograms were taken of both

the voltage and current. A typical oscillogram is shown in Fig. 6(b). There seem to be

no distinctive differences in the oscillograms except that the arc current and voltage were

lower for this frog. It was found from the oscillograms that the arc current was approxi-

mately 90 amp.

For welding the third frog the same type of welding rod was used but the setting

on the welding machine was adjusted to give an intermediate current value between that

used for the first and second frog welded. The oscillogram for current and voltage for

welding this frog is shown in Fig. 6(c). The average arc current was 125 amp. In weld-

ing all three of these frogs the surface was lightly polished by grinding and the weld

deposit was peened after being applied.

Burning Time as a Measure of Current

During this entire investigation it has seemed that a reasonably accurate measure

of welding current used would be of much advantage. Many of the welding machines are

not equipped with ammeters, and those that are equipped give results of questionable

accuracy due to the rapid fluctuations in the amount of welding current as shown in the

oscillograms. It was thought that a reasonably accurate determination of the welding

current might be obtained by measuring the time required to burn the electrode. Gener-

ally a bare electrode is used

—

{^e in. dia. by 18 in. long. To avoid overheating the elec-

trode, it should be gripped near the middle, applying first one-half and then the remainder.

During the welding of the first three frogs with the different welding currents the net

burning time required during the actual welding for each of five different rods on each

frog was obtained with a stop watch. It was found that the net burning time for any one

rod of the five timed on one frog did not vary over two or three seconds from the average.

From the data obtained. Fig. 7 has been prepared to show the net time required to burn

one rod, in seconds, with respect to the amperage of the welding current. By use of the

curve shown in this figure the welding current may be very simply determined by finding

(he net time required to burn one electrode (timing the two ends separately and adding)

and applying this value to the curve to determine the resultant amperage. This curve
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Fig. 8.—Welding Generator Used in Toledo Terminal Railroad Tests.

Fig. 9.—View of Weld Deposit on Frog No. 8—Toledo Terminal Tests—Using Copper-
Molybdenum-Manganese Welding Electrode and 90-Amp. Welding Current.
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A ciiated typo of roppi'i-molybHcnum nianuanese rod was used on the eleventh frog

welded. The voltaic setlinj; on (he generator that uave 150 amj). with the bare rod khvc a

much higher current with the coated rod, and the voltage was reduced accordingly.

The welding generator used in this test was made by the General Electric Company
and is shown in Fig. 8. This machine was equipped with an ammeter and voltmeter. The
amnieter readings were from 10 to 20 amp. higher than the oscillograph "arc" values.

Fig. 9 is a picture of the second frog welded showing the weld deposit applied with bare

copper-molybdenum-mangancse electrode and QO-amp. welding current.

Upon the completion of the weld each frog was surface-ground. Cross profiles were

taken 10 in. ahead of the frog point, at the frog point, 6 in. behind and 14 in. behind the

frog point for each frog included in the test just before and just after welding. It is

hoped from an observation of service performances of these frogs and a comparison of

the cross-profiles that definite information may be afforded for comparing the various

welding procedures used.

Report on Assignment 8

Bolt Tension Necessary for Proper Supporting of Rail Joints

C. W. Breed (chairman, subcommittee), C. W. Baldridge, W. S. Boyce, Armstrong Chinn,

E. D. Cowlin, H. F. Fifield, C. T. Jackson, W. H. Lowther, J. de N. Macomb,
G. M. Magee, E. E. Martin, F. H. Masters, T. C. McCord, W. L. Roller, G. M.
Strachan.

Your committee submits as information the following report of progress in the ten-

sion tests of bolts installed in the tracks of several railroads, as described in the Proceed-

ings, Vol. 40, page 565; Vol. 41, page 574; Vol. 42, page 608; Vol. 43, page 550; and

Vol. 44, page 473.

As in preceding years, the results obtained in the measurements on the individual

test installations are reported separately and in some detail. Following the individual

reports, a discussion of the test results has been added this year which gives a perspective

of all the results obtained to date. It is believed much of interest will be found in this

perspective.

Chicago, Milwaukee, St. Paul & Pacific

The test installation on the Milwaukee Railroad is on the westbound track of the

double-track main line near Winona, Minn. The rail is 112-lb., laid new June 22, 19,^8,

with 6-hole toeless joint bars and 1-in. diameter track bolts with no spring washers. The

traffic density over this test section is estimated to be from 5,000,000 to 7,000,000 gross

tons per year, excluding passenger traffic.

Loss of Bolt Tension Under Traffic

Test measurements have been continued as described in the previous years' reports.

In Table 1 the average bolt tension per joint is shown separately for the north and south

rail as applied when the bolts were retightened by hand wrenching on June 2, 1942.

The bolt tension remaining as determined on June 17, 1943, is also shown together with

the average loss per joint for the year's service.

The loss in bolt tension during this year's test period corresponds quite closely to

that reported for preceding years. The number of bolts which became loose or were found
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Average Change in Out-to-Out Distance of Joint Bars

C U St.P St, ? Test Installation

(From 12-S-38 to 6-18-43)

Location

A

B

C

E

7

Average

NORTH RAIL
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loose at the time of the June 17, 1943, measurements were as follows: North rail, 23 or

12 percent; south rail, 9 or S percent.

The change in out to out distance of joint bars was determined on June 18, 1943,

in the same manner as discussed in previous reports, and the average measurements are

shown in Table 2. It will be observed that the average "pull in" of the bars continues

to be about the same on both rails, being somewhat greater on the north rail where the

low bolt tension has been maintained.

Uniformity of Tension Obtained in Tightening

It was decided to make a comparative test of the uniformity of bolt tension obtained

in hand tightening versus machine tightening. Accordingly, 4 trackmen were asked to

tighten the bolts in 4 joints each, a total of 16 joints, just as they would tighten bolts

in ordinary maintenance retightening. Seventeen joints were tightened with a power

wrench. The kick-off on the wrench was adjusted until the bolt tension obtained was

judged to be about right as determined by loosening a tightened bolt with a hand wrench.

The bolt tension was then measured in each bolt tightened by hand or machine wrench-

ing. The results obtained are shown in Table 3. It will be noted that with the hand

wrenching, 68 percent of the bolts were tightened within a range of 10,000 to 20,000 lb.

bolt tension. With the power machine wrenching 63 percent of the bolts were tightened

within a range of 20,000 to 30,000 lb. The variation in bolt tension obtained, particu-

larly with the power wrenching, is thought to be mostly due to the variation of thread

resistance in the individual bolts.

Chicago, Burlington & Quincy

The bolt tension test installation on the Burlington near Western Springs, 111., was

described in the report of 1939 (Vol. 40, page S68). The test includes approximately 40

joints on the north rail and 40 joints on the south rail on the eastbound main track

between Western Springs and Highlands. The rail in the test is 131-lb. with 6-hole toeless

joint bars of both headfree and head contact types, 1-in. heat treated track bolts, and

"Triflex" springs or "double-coil improved Hipower" spring washers. The rail was laid

new and the test started in August 1938.

40,000

20,000

5 10,000

Nortt* Rail

Legend.
Head ContocI Hipower

Head Free Hipower.

Head Contact Trifle*.

Head Free Triflex.

0> O) 5 O)

§ I § I ^

Fig. 2.—Loss of Bolt Tension Under Traffic—C. B. & Q. Installation.

131-lb. rail, 6-hoIe toeless joint bar, 1-in. dia. bolts. Approximate traffic density

—

15,000,000 gross tons per year. Rail laid new August 1938.
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TABLE h

C.B.i: Q.R.R. INSIALUTION

ATorags loss in Bolt lonsion frcm Oct. 16, I9UI to Oct. 5, 19l43»

Horth Rail

ATorapie Bolt Tonsion , Loss
in Lb . Par

10-l6-iri ro-54<3 Loss Month

Hoadfroe Iriflox 26,1400 10,500 15,900 CCO

Haadfreo Hipower 26,000 ll.liOO ll4,60O 610

Head contact Iriflex 25,200 10,100 15,100 63O

Head contact Hipower 25,200 7,800 17,1*00 720

Number c

In Test
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Tlierc are four different test sections in both north and south rails of approximately

10 joints each, in the following order from west to east:

Headfrec bars with Double Hipowcr spring washers.

Headfree bars with Triflex springs.

Head contact bars with Double Hipower spring washers.

Head contact bars with Triflex springs.

Loss of Bolt Tension Under Traffic

From the bolt tension measurements made October 14, 1942 and reported last year,

it was concluded that the north rail had sufficient remaining bolt tension for another

year's service without retightening. The bolts in the south rail were retightened, but the

bolt tension was not measured. Accordingly, only the loss in bolt tension can be reported

for the north rail this year. This is shown in Fig. 2, for the entire period since the test

was started. In Table 4 the average applied and remaining tension for the entire test

period of two years is shown. The rate of bolt tension loss was not much different from

that for preceding years, except for the difference between the headfree and head contact

bars. In previous measurements, the headfree bars showed considerably less loss of bolt

tension, but in this last test period the loss was about the same. Thirteen bolts were

found to be loose after the two years' service period, twelve with the Hipower spring

washers and one with the Triflex springs.

Out to out measurements have been continued as previously described to determine

the rate of fishing surface wear of rails and bars. The average inward movement of the

bars continues to be more with the head contact bars, which is to be expected, since the

headfree bar moves inwardly very little at the top, (See Table 5). The total inward

movement since the measurements were started October 5, 1938, is considerably more at

the midlength of the bars than at the ends. This movement is generally somewhat

greater on the south rail which has been maintained at a moderate bolt tension than on

the north rail which has been maintained with a high tension, but still the difference is

small and may not be significant.

Denver & Rio Grande Western

The rail was laid for this test installation on the single track main line of the D. &
R. G. W. near Glenwood Springs, Colo., on September 7, 1938 (See Vol. 40, page 568).

The rail is 131-lb., with 4-hole toeless joint bars, IJ^^-in. heat treated bolts, and National

grooved spring washers. As previously stated, all test bolts were replaced with new bolts

on October 11, 1940 and hand tightened.

The test bolts were tightened on July 30, 1942 and left undisturbed until July 8,

1943. In Table 6 is given the average bolt tension applied at the beginning, and remain-

ing at the end, of the test period of slightly less than one year. The loss in tension cor-

responds reasonably well with that found in the preceding measurements. For some

reason the rate of loss in bolt tension has been consistently less on the south rail than

on the north rail since the test was started.

Out to out distance of joint bars was also measured at the time of the bolt tension

measurements. Table 7 shows the total change in out to out distance for each joint from

Nov. 9, 1938 to July 8^ 1943. The average change is about the same on the north and

south rails. It will be observed that the joint bars have moved inward much more at the
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BOLT TENSION MEASUREMENTS
Erie Railroad Test Instnllatlon
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Table 9

Erie R.B. Toat Installation

Change in Out.to-Out Meesureraents of Joint Bars
Jul7 19, 1939 to Juna 17, 1943.

ATeraga
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Table 10

Perm. R.R. Test In.^tnllation

BOLT TEMSIOII MEASURElEiTS

Average Bolt Tension Per Joint - Lb.

Foint
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Table 11
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The results of the loss of bolt tension as determined in the measurements on the

live different railways have been carefully studied and presented in form for comparison

in Table 12. In order to make the table concise, the initial and remaining bolt tensions

on each installation have been omitted although these may be obtained by reference to

the preceding reports. However, the separate tests have been grouped into three classifi-

cations of initial bolt tension as defined in the heading. The loss in bolt tension has been

placed on an annual basis (the loss that occurred in one year of service) and expressed

as a percentage of the average initial or applied bolt tension.

It will be noted that there was not as much difference in the amount of loss of bolt

tension as might be expected considering the differences in the rail joints and fastenings,

and the wide differences in traffic density. This, however, is explained by the measure-

ments of the wear of the joint bars and the reactance properties of the joint assembly.

Wear of Joint Bars

When the track bolt is tightened it becomes slightly elongated and is placed under a

tensile strain. If, as a result of fishing surface wear, the web faces of the joint bars

against which the bolt head and nut bear, move closer together part of this elongation

and strain of the bolt is relieved and a portion of the bolt tension is lost. The amount

of this loss depends upon the amount of the inward movement of the bars and the

reactance or spring characteristics of the joint bar, bolt, and spring washer.

Ttible 15

Sm.SijJY OF OUT-TO-OUT r.E/.SUKE\'E:iTS OF JOIN? BARS

Rcilrood
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FIG.6. AVERAGE CHANGE IN OUT TO OUT DISTANCES OFJOINTBARS
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From this tabic, it will be seen that the average decrease in out to out distance

generally ranged from O.OIS to 0.025 in. per year. The decrease at individual points varied

above or below this average and further analysis will be made of the test data to estab-

lish the limits of this variation. However, the above average values are of interest in

studying the average percentage loss in bolt tension found in the measurements.

Reactance Properties of the Rail Joint

Considerable attention has been devoted to spring reactance devices for use on track

bolts in recent years. It was thought that in order to make the study of bolt tension

complete, consideration should be given to the effect of reactance on maintaining bolt

tension. The tests were accordingly planned to include track bolts with various types of

spring washers and one test without any spring washers.

Early in the tests it was found that the actual loss in bolt tension for the measured

inward movement of the joint bars was much less than would be expected from releasing

the spring washer by that amount of travel. The next step was to obtain reactance

curves for the bolt and spring washer, combining the elastic stretch of the bolt with the

elastic springing of the washer. It was found that the measured loss in bolt tension was

still less than could be explained by this combined reactance. Accordingly, it was deter-

mined that the joint bar itself and in combination with the rail possessed definite reactance

properties which must be included. With the construction of a special machine for re-

peatedly opening and closing the joint gap of an assembled joint by alternately pushing

and pulling the rail ends, means have become available for determining the combined

reactance curves for the bolt, spring washer, and joint bar assembly. It is expected that

these curves will be completed for next year's report. However, the following example

will serve as an illustration.

A four-hole AREA design joint bar for 112-lb. RE rail, head contact type, was

assembled in the slippage machine with 1-in. heat treated bolts and Triflex springs. An

initial bolt tension of 13,000 lb. per bolt was applied and the machine then operated

until the inward movement of the bars averaged 0.022 in. The remaining bolt tension

was found to be 8,800 lb., a loss of 32 percent. For this release of tension, the spring

back or reactance of the bolt was 0.002 in. (See Vol. 43, page SS7) ; of the Triflex spring

it was 0.014 in.; and the remainder of 0.006 in. was provided by the joint bar and rail.

It is evident therefore that the bolt and joint bar assembly has a considerable

amount of reactance even if no spring washer is used. As previously stated, it is planned

to obtain and present reactance curves including the reactance of the bolt and joint bar

assembly in next year's report.

Effect of Low Bolt Tension

During the field tests, two disadvantages of low bolt tension liavc become increas-

ingly evident. The first of these is that if a bolt becomes loose enough in a joint to rattle,

in only a few days' time the threads will be so battered against the web of the joint bar

;ind by the spring washer, if any is used, that the nut cannot be adequately retiRhtencd.

This is well illustrated by the photograph. Fig. 7, showing a bolt that was found to be

completely loose at the time of one set of field test measurements. Note particularly how
the bolt threads have been battered by the spring washer and the web of the joint bar.

It is absolutely impossible to tighten bolts to take up fishing surface wear if the threads

are battered as shown in the figure. There is also a tendency for the bolt threads to

become mashed against the web of the joint bar by excessive joint gap opening in cold

weather.

The second disadvantage of low bolt tension is excessive wear of the joint bars if all

the bolts in a joint or in one end of a joint become entirely loose. Observations have
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^hown that where the bolts arc tight, the fishing surface wear permits an inward move-
ment of the bars during the course of one year of only 0.01 S to 0.025 in. However, in

some of the tests a few joints showed an inward movement of 0.070 to 0.100 in. and the

bolts were found to be entirely loose in one end of the joint. It seems quite certain that

the lack of adequate bolt tension caused this excessive fishing surface wear and resultant

inward movement of the bars.

Design and Maintenance of Track Bolts

It seems evident that it is of first importance to prevent a bolt or bolts from becom-

ing loose in track in order to avoid damage of the bolts and excess wear of the joint bars

and rail ends.

The investigational work now points clearly to two avenues of improvement in the

design and maintenance of track bolts. The first of these is an improvement in the thread

fit of the bolts as manufactured. With the present specifications for wrench-turn fit and

Fig. 7.—Bolt with Battered Threads.

the tolerances allowed in manufacture, even when the average bolt tension being obtained

is satisfactory, a small percentage of the bolts with the tightest thread fit will have so

low a bolt tension when they are applied that they are quite hkely to become entirely

loose before a year of service. It is believed that consideration should be given to lower-

ing and narrowing the range of thread resistance below that now permitted in the

specifications.

The second possibility for improvement is in the maintenance of track bolts. When

the test installations were first started it was found that a track man could very easily

apply 30,000 to 40,000 lb. bolt tension. After about 5 years' service, 25,000-lb. tension

can only be obtained by great exertion and in many cases the bolts cannot be tightened

above a few thousand pounds tension. Corrosion and battering of the threads are largely

responsible for this condition. It is believed therefore that serious consideration should

be given to a maintenance plan of removing the joint bars after 4 to 6 years of service;

brushing, and lubricating the rail ends and joint bars; inspecting the bolts and replacing

those showing battered threads; and dipping all bolts in a corrosion resistant lubricant

ijcfore re-applying them. With the use of power wrenches this procedure could be eco-

nomically carried out and should effect important benefits in the life of rail and joint bars.
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Report on Assignment 10

Recommendations on Number and Placing of Anti-Creepers

for Various Conditions

E. E. Martin (chairman, subcommittee), L. L. Adams, C. W. Baldridge, A. L. Bartlett,

T. H. Beebe, F. J. Bishop, A. Chinn, L. W. Deslauriers, H. F. Fifield, R. A. Gravelle,

C. E. R. Haight, A. B. Hillman, C. T. Jackson, G. M. Magee, J. S. McBride, J. B.

Myers, C. J. Rist, M. K. Ruppert, R. L. Schmid, I. H. Schram, G. L. Sitton, R. R.

Smith, M. J. T. Zeeman.

Your committee submits as information the following report of progress on this

newly assigned subject for 1943.

Searching for information as to the general practices being followed by American

and Canadian railroads with respect to the use of anti-creepers, a questionnaire was

prepared and forwarded to 33 of the larger railroads from which 28 replies were received

and summarized on the table which is a part of this report. The information reported by

each railroad has been tabulated under classifications to show the standard or general

policy of the railroads with respect to the use of anti-creepers and their opinion of the

results being obtained. A brief analysis of the replies from the 28 railroads shows the

following:

(a) On 24 of the railroads it is the general practice to distribute anti-creepers evenly

throughout the rail and these roads report satisfactory results where a sufficient number

of anti-creepers is being used.

Two railroads use "end of rail" grouping as general practice.

One railroad groups anti-creepers at quarter points.

One railroad groups anti-creepers toward rail ends.

(b) Eight railroads standardize on 6 anti-creepers per rail.

Sixteen railroads standardize on 8 anti-creepers per rail.

One railroad standardizes on 10 anti-creepers per rail.

Two railroads standardize on 12 anti-creepers per rail.

One railroad standardizes on 14 anti-creepers per rail.

(c) All reporting railroads have discontinued the practice of spiking in joint bar

slots on new rail. Eighteen railroads have discontinued the use of anti-creepers opposite

rail joints. Eight railroads continue to use anti-creepers opposite joints on older rail with

spike slot joint bars.

(d) Ten railroads are now conducting tests with various arrangements of anti-

creepers. Eight railroads are testing the "end or rail" method or variations of it, and

four railroads are testing methods other than a grouping arrangement. In all, about 14

methods of rail anchoring are now being tested by the railroads that replied to the

questionnaire.

Your committee has reviewed the records of experimental methods of rail anchoring

reported by the railroads and has selected eight methods of anti-creeper groupings, which

it desires to have applied in one-mile stretches of track on at least three railroads in

accordance with Fig. 3, which shows the desired arrangement of the anti-creepers.

It is the desire of the committee to conduct three tests, one to be in heavy traffic

territory with stone balla.st ; the .second in moderate traffic territory with gravel ballast,

each to have one-directional traffic; and the third on a .single-track line with gravel
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ballast. Progress is being made in selecting locations for liiese tests. In arranging the

tests with the various railroads it may be necessary to modify the grouping arrangement

or number of rail anchors to meet conditions that might prevail in the territory selected

by a railroad for the test.

The field and office work in connection with the tests will be conducted for the

committee by the AAR Engineering Division research staff.

Report on Assignment 11

Investigate Reactance Value o£ Spring Washers, Collaborating

with Committee 4—Rail

C. W. Breed (chairman, subcommittee), C. W. Baldridge, W. S. Boyce, E. W. Caruthers,

E. D. Cowlin, W. H. Lowther, G. M. Magee, E. E. Martin, J. S. McBride, R. R.
Smith, C. R. Strattman.

No report on this assignment is offered by the committee this year, although con-

siderable progress has been made in accumulating information. Field measurements of the

loss of bolt tension under traffic as reported under Assignment 8 have definitely shown

that loss of bolt tension is primarily due to inward movement of the joint bars as a

result of fishing surface wear. Accordingly, the reactance properties of spring washers is

quite evidently an important factor to be considered in controlling the rate of loss of

bolt tension, but the field measurements have shown that the reactance properties of the

track bolt and the joint bar and rail assembly must also be considered in this connection.

Construction of a rail joint slippage machine in the latter part of 1943 has provided a

means of studying these reactance properties in the laboratory and it is expected that a

complete report on the assignment can be made by the committee next year.

i;;^-^
Report on Assignment 12

Study of Stresses in Tie Plates

A. E. Perlman (chairman, subcommittee), E. W. Backes, W. S. Boyce, C. W. Breed,

J. H. Kelly, J. de N. Macomb, G. M. Magee, E. E. Martin, J. S. McBride, J. A. Reed,
G. L. Sitton.

The following is a progress report presented as information.

During the year, a review of available information related to tie plate design was

prepared by the research staff of the Engineering Division, AAR. Before further photo-

elastic studies with respect to design are started, field measurements of stresses in tie

plates are to be made. Subcommittee 6 has been requested to recommend the sizes and

types of tie plates for 131 -lb. rail to be included in these field tests.

Laboratory tests were made on tie plates for 112-lb. rail by the research staff. The
principal object of these tests was to secure information necessary for most effectively

planning additional stress measurements in the field.

To date, no attempt has been made to draw any conclusions from the various studies,

although some interesting principles have been indicated; for example, the effect on tie

plate stress and depression into the tie of various thicknesses and lengths of tie plates,

and significant differences in stress distribution in the crowned tie plate.

A report on the laboratory tests of stresses developed in tie plates for 112-lb. rail

follows.
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Description of Tests

The purpose of these tests was to study the stresses developed in tie plates under

controlled loading conditions in the laboratory where the amount and direction of the

applied load on the plate could be determined, and thus obtain information for the most

effective planning of the field tests. They were carried out with the cooperation of the

Chicago, Burlington & Quincy Railroad, which permitted the research staff to use its

laboratory and testing machine at Aurora, 111., and also arranged for the necessary

machining of the plates in its shops.

Two sizes of plates for 112-lb. RE rail were used in the tests: One, a 7)4-in- by 11-in.

size conforming to AREA Plan No. 2, page 5-6 of the Manual, except the punching was

Burlington Railroad standard; the other was a 7^-in. by 13-in. tie plate conforming to

AREA emergency plate "C", the plate being unpunched.

For the 11-in. plate the following tests were made: (a) standard plate and treated

red oak cross tie removed from track after five years' service; (b) standard plate with

rail bearing and tie bearing machined accurately smooth; (c) same as (b) except thick-

ness of the plate decreased iV in. by machining; (d) same as (b) except thickness of

plate decreased % in. by machining; (e) same as (b) except that a tW-in. crown was

machined on the rail bearing surface. Plate (a) was tested on the worn tie; plates (b)

to (e), inclusive, were tested on a new, untreated white oak tie; and plate (b) was also

tested on an untreated fir tie. The 13-in. plate was tested on a new, untreated white oak

tie. For each plate, stress measurements were obtained with various applied loads and

with the rail, plate and tie assembly placed at different inclinations in the testing machine

to throw the resultant load at different positions along the length of the tie plate. The

stresses were measured at several locations on the bottom of the tie plate, as indicated
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Fig. 2.—Bottom View of Burlington 11-In. Plate with Gages Placed and Tie Plate Bearing
Surface of a Treated Red Oak Tie After Five Years' Service.
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in the diagrams, and stresses were also measured in the lower fillets of the rail between
web and base, and at the top outer edges of the rail base in a direction parallel to the

length of the rail. Stress measurements for all plates were also obtained with shims

applied at the edges of the rail base, and for several plates with one shim applied near

the center of the rail base.

Stresses were measured with Baldwin-Southwark SR-4 type strain gages and a

portable strain indicator. All gages used were ^ in. effective gage length, with the excep-

tion of the rail fillet gages "B" and "C". which were % in. gage length.

The general arrangement of the laboratory set-up and the location of the gages on

the bottom of the plate arc shown in Figs. 1 and 2.

Results of the Test

The data obtained in the tests were quite voluminous; they have been carefully

studied with a view of presenting the most essential and significant results. In Fig. 3 a

comparison is made for all plates tested with a load of 20.000 lb. so applied that the

resultant would strike approximately at the mid-length of the tie plate. In the upper

portion of the figure the locations of the gages are shown. All gages on the bottom of

the tie plates were placed to measure stress parallel to the length of the plate, except

gages 2 MT and 6 MT, which measured the stresses transversely of the plate. Gages "A"
and "D" on top of the rail base measured the stress parallel to the rail length; gages "B"
and "C" measured the fillet stress transverse to the rail length.

In Fig. 4 a comparison is given of the stresses measured in the 11-in. plate on the

worn hardwood tie for various amounts and inclination of applied load. The locations

of the gages are shown in the upper portion of the figure.

Fig. S shows the stresses measured along the center line of the bottom of the 11-in.

plate on the worn hardwood tie and also the average depression of the plate into the tie

as determined by measurements made along the two edges of the plate.

In Fig. 6 similar information is shown for the 11-in. plate on the new hardwood tie;

in Fig. 7, for the plate reduced iV in. in thickness on the new hardwood tie; in Fig. 8,

for the plate reduced % in. in thickness on the new hardwood tie; in Fig. 9, for the plate

on the new softwood tie; and in Fig. 10, for the 13 -in. plate on the new hardwood tie.

Discussion of Test Results

General

In interpreting the test results it should be kept in mind that even though the tests

were made in the laboratory, conditions necessary to provide stability of loading unavoid-

ably resulted in more variation in the direction of the applied loads than was desired.

This is shown by comparing fillet stresses in the rail measured by the "B" and "C" gages.

Also, although the rail base was ground accurately flat and care was taken in machining

the tie plate surfaces and planing the new hardwood and softwood tie bearing surfaces

absolutely smooth, the resulting stresses nevertheless were not exactly uniform across the

width of the tie plate. Accordingly, more weight is given to the average conditions on

the plate and the amount of extreme variations from this average is noted.

Rail Bearing on Tie Plate

Throughout all the tests, even with carefully machined rail and plate bearings, it

was apparent that when load was applied on the rail the relative flexures of the rail base

and tic plate were such that the rail load was applietl to the tie plate near the two edges

of the rail base. This is clearly indicated by the stress curve in the plate. Stress measure-

(text continued on page 387

)
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Measured Stress Along Center Line Of Tie Plote Bottonn Fig. 5.—Worn Plate on a

Worn Tic.

Average Depression Of Tie Plate Into Tie
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Meosured Stress Along Center Line Of Tie Plote Bottont

Fig. 7.—Flat Plate Decreased iV

'n. in Thickness, Placed on a Hard-
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Measured Stress Along Center Line Of Tie Plote Bottom

Fig. 8.—Flat Plate Decreased Ys
In. in Thickness, Placed on a Hard-
wood Tie.

Averoge Depression Of Tie Plate Info Tie
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Meosured Stress Along Center Line Of Tie Plate Bottom Fig. «.— Flat Plate on a

Softwood Tie.

Averoge Depression Of Tie Plote Into Tie

^ .02
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Meosured Stress Along Center Line Of Tie Plole Bottom

Fig. 10.—Flat l.^-In. Plate

on a Hardwood Tic.

Averoge Depression Of Tie Plate Into Tie
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(text continued from page 380)

merits made with semi-cylindrical shims 54 i"- wide placed along each edge of the rail

base produced bending stress distribution in the plate very similar to that obtained with-

out any shims, as indicated in the following table:

Measured Stress with 20,000-i.b. Load—Resultant at Midlength of Tie Plate

Standard 11-In. Plate Standard 11-In. Plate

on on

Worn Hardwood Tie New Hardwood Tie

Gage Flat Edge Flat Edge
Position Bearing Shims Bearing Shims

IM 10.8 11.5 6.1 6.4

2M 14.8 20.7 15.6 17.0

3M 7.4 11.4 7.8 7.2

4 M 5.7 8.4 5.3 2.4

5M 8.3 11.6 8.1 4.0

6M 17.2 19.7 12.4 12.4

7M 7.9 5.0 2.6 3.4

B —17.2 —18.7 —12.7 —13.4
C —12.9 —12.0 — 8.2 — 9.7

Note: Stresses in kips per sq. in., compression indicated by (—) sign.

Comparison of fillet stresses measured at "B" and "C" for loading with and without

shims indicates that, in general, the resultant reactions of the rail on the tie plate are

applied near the two edges of the rail base, from 5^ to J^ in. from the edge.

Relation of Applied Load to Plate Stress

Inasmuch as the maximum bending stresses in the tie plates were found to occur

under the two edges of the rail base (locations 2 and 6) and also, since the stresses at

these two locations are not greatly different when the resultant of the appUed load

strikes the mid-length of the tie plate, it was considered that the average of the six

measured stresses at these two locations would provide the best comparison of the effect

of the amount of applied load on tie plate stress. Accordingly, Fig. 11 has been prepared

on this basis to show the stress in the standard 11 -in. tie plate with relation to applied

load for the worn hardwood tie and the new hardwood and softwood ties. The resultant

applied load in each case was near the midlength of the tie plate.

tn

Fig.

Stsndard

10 20 30

Lood On Tie Plote - Kips

40 ^

Stondord Plole Less ^"Thickness

Stondord Plote LesS|^ Thickness

Stondord Plote

11 Relation of Tie Plate Load
to Stress,

ll-in. plate, resultant of applied load at

midlength of plate.

10 20 30

Lood On Tie Plote-Kips

Fig. 12.—Relation of Tie Plate Thickness

to Stress.

Standard ll-in. plate on new untreated white oak
tie, resultant of applied load at midlength of plate.
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Probably of most interest in this comparison is the close conformity of the load

stress curves, especially for the plate on the worn hardwood tie and the plate on the new
softwood tie. The stress is only about ten percent less with relation to the applied load

lor the plate on the new hardwood tie. In each case, the stress increases in almost a

straight line relation with respect to load.

Since tests were made on the standard 11-in. plate with three different thicknesses

the data afford a comparison of the stress load relation as affected by thickness of tie

plate. This comparison is shown in Fig. 12. With iV in. plate thickness removed, the

effect of reduction in section modulus for a given bending moment would be to increase

the stress 22 percent; actually the stress was increased 10 percent. With Y^, in. plate thick-

ness removed, the decrease in section modulus would indicate 51 percent increase in

stress; actually the stress increased 22 percent. With the thinner plate it would be

expected that the plate would curve more under the applied load, thereby decreasing the

tie pressure on the bottom of the plate near its ends and consequently decreasing the

bending moment on the plate. The measured stresses and depression of the plates into

the tie indicate this condition occurred.

Effect of Crowned Plate on Plate and Rail Stresses

The stresses measured in the crowned 11-in. plate on the new hardwood tie are

shown in Fig. 3. Two significant facts are apparent from these plate stresses compared

with those in the flat 11-in. plate on the same tie. Considering the bending stresses length-

wise of the plate, the measured stresses average 12 percent greater at the center line and

35 percent less at the edges for the crowned plate compared with the flat plate. Consid-

ering stresses transverse to the length of the plate as measured at gage locations 2 MT
and 6 MT, the transverse stresses were less than 1,000 lb. per sq. in. for the flat plate.

For the crowned plate these stresses approximate 25,000 lb. per sq. in.

These measurements give a comparison of rail and plate stresses in the laboratory

when the load is applied at the mid-width of the plate. Definite conclusions should not

be drawn from these data, however, until comparison can be made in the track to deter-

mine to what extent the crowned plate acts to center the applied load on the plate.

Effect of Position of Loading

In the laboratory one test was made with the standard plate on the worn hardwood

tie to determine the effect on stress distribution if the applied load were two inches away

rather than directly over the center of the tie plate width. The following tabulation shows

a comparison under a 20,000-lb. applied load of stresses at significant gage locations.

CoMP.\RisoN OF Tie Plate Stresses

STANnARD 11-IN. PLATE ON WORN HARDWOOD TiE 20,000-LB. LOAO WITH
Resultant at Midlencth of Pi-ate

Load A pplied

Gage At Mid-Width 2 Inch Right
Position of Plate of Mid-Width

2 LE 12.7 8.8

2 M 14.8 13.1

2 RE 15.8 18.6

6 LE 16.7 8.S

6M 17.2 18.4

6 RE 14.0 30.S
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It will be observed that the stresses were approximately SO percent greater at the

edge of the plate towards which the load was displaced than at its center. With the flat

plate a loading condition similar to this might perhaps occur in track if the tie were not

tamped to provide a full bearing of rail base on the tie plate. It will also be of interest

to determine whether the "wave action" of the rail tends to concentrate the load first on

one edge and then the other of the flat plate in track.

With the load centrally positioned widthwise of the plate, the stresses were quite

uniform transversely of the plate for the test on the worn hardwood tie. On the new ties,

the stresses at one edge were usually from 10 to 20 percent greater than at the plate center.

Fig. 4 shows the results of tests made on the standard 11-inch plate on the worn

hardwood tie with three different inclinations of loading. With a ratio of outward lateral

to vertical load of 1:15 the resultant load strikes near midlength of the plate. With this

loading the stress at location 2 was 93 percent of the average of locations 2 and 6. With

a ratio of outward lateral to vertical load of 1:40 the resultant load strikes at the center

of the rail base, 0.3 inch inside the mid-length of the plate. With this loading the plate

stress at location 2 is 99 percent of the average of locations 2 and 6. For a ratio of out-

ward lateral to vertical load of 1:5 the plate stress at location 2 is 115 percent of the

average of locations 2 and 6.

Depression of Tie Plate Into Tie

The depression curves of the tie plate into the tie are generally similar in shape,

showing maximum depression under the rail base and from J/2 to % as much at the tie

plate ends.

The amount of depression was 50 percent more on the worn hardwood tie than on

the new hardwood ties, and 15 percent more than on the new softwood tie.

Decreasing the thickness of the standard 11 -in. plate increased the depression under

the rail slightly, and decreased the depression at the tie plate ends.

The depression of the 13-in. plate was not greatly different than for the 11-in. plate.

The maximum bending stresses were also about the same although the stress curve along

the length of the plate indicates somewhat less concentration of rail bearing at the rail

edges.

Bearing Pressure of Tie Plate on Tie

No practical means of measuring the actual unit bearing pressure between the tie

plate and the tie was available. However, a reasonably accurate determination of the

bearing pressure distribution along the length of the plate was made indirectly from the

stress measurements, using the data from the tests in which semi-cylindrical shims were

introduced between the rail base and the tie plate. This particular case was selected

because it assured fixed locations for the two loading points on the plates. By "trial and

error" a bearing pressure curve was derived which gave a total load on the tie equal to

that applied in the testing machine and a calculated stress curve which closely corre-

sponded with the measured stress distribution. Figs. 13 to 16, inclusive, show the derived

bearing pressure curves and the comparison between the measured stress distribution in

the plate and the stress distribution computed from the derived bearing pressure curve.

Figs. 13 and 14 show the effect of decreasing the plate thickness upon the bearing

pressures on a new hardwood tie. With the thinner plate, the bearing pressure is increased

somewhat near the mid length of the plate and decreased at the edges.



390 Track

Standard ll"Plofe

NewHWTle
Standard 1

1" Plate (

Less 4-" Thickn«ss^~~\

New HW Tie

^ .02

04

06-

.02

I

c
.9

1 .04
Q.

&

.06

I 200

g40C

eoc

Derived 200

.400

eoo

Derived

Fig. 13.^ Fig. 14.

Comparison of Plate Stress, Depression and Bearing Pressure on Tie, 20,000-Lb. Load
with Resultant at Midlength of Plate.



Track 391

Stondord 13" Plate

New HW Tie

S. .04

8



392 Track

Fig. 15 shows the derived bearing pressure curve for the old plate and tic that had

been removed from track. It will be noted that the shape of the bearing pressure curve

is just reversed from that for the new plate on the new tie. The bearing pressure is

somewhat greater near the ends of the plate than at the center. The same condition was

indicated in the tie plate stress measurements on the Denver & Rio Grande Western.*

This suggests that under the action of traffic the tie fibers become either softer or more
worn near the midlength of the plate where the pressure is initially greater, which tends

to transfer the pressure towards the ends, thus giving the bearing pressure distribution

shown in Fig. IS.

Fig. 16 shows the derived bearing pressure curve for the 13-in. plate on a new hard-

wood tie. This may be compared with Fig. 13 to show the effect of the length of the

tie plate on bearing pressures. The shapes of the bearing pressure curves for the two

plates are quite similar, but the maximum bearing pressure is reduced with the 13-in. plate.

Proceedings. Vol. 43, 1942, p. 539.
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Committee

To the American Railuay Engineering Association

:

Your committee reports on the following subjects:

1. Revision of Manual.

Progress report, including recommended revisions of rail failure forms. page ,304

2. (a) Further research, including details of mill practice and manufacture as

they affect rail quality and rail failures, giving special attention to trans-

verse fissure failures and other defects in the head, web and base, collabo-

rating with Rail Manufacturers' Technical Committee.

Progress report, presenting Tenth Progress Report of the Rails Investigation page 479

(b) Specifications for thermal treatment of rail, such as control cooled,

Brunorized, etc.

Amended Recommended Practice for the Control Cooling of Rails, pre-

sented as information page .300

3. Compilation of Statistics.

(a) All rail failures, making special study of transverse fissure failures.

Progress report, presented as information page 400

(b) Compilation of statistics for determining the performance of control

cooled and Brunorized rail in service with respect to rail failures, with the

view toward evaluating the higher price paid for treated than for untreated

rails.

Progress report, presented as information page 41,3

4. Cause and prevention of rail battering and methods of reconditioning rail

ends.

Progress report, presented as information page 416

AREA Bulletin 444, February 1944.

3Q3
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5. Economic value of different sizes of rail.

No report.

6. Continuous welding of rail, collaborating with Committee S

—

^Track.

Progress report, presented as information page 417

7. Service tests of various types of joint bars.

Progress report, presented as information page 417

8. Investigate joint bar failures and give consideration to the revision of

design and specifications.

Progress report, presented as information page 433

9. Corrugated rail—causes and remedy. Effect upon riding qualities of tracks

and upon the costs of track and equipment maintenance.

No report.

10. Development and characteristics of fractures under engine burns in rail,

together with investigation as to the effectiveness of welding up engine

burns by oxyacetylene or electric methods.

Progress report, presented as information page 444

11. Investigate causes of shelly spots and head checks in rail surfaces for the

purpose of developing measures for their prevention.

Progress report, presented as information page 44S

12. Investigate recent developments affecting rail section.

Progress report, presented as information page 469

13. Continue the study of means for conserving labor and materials, including

the adaptation of substitute non-critical materials, advising the secretary

currently of recommendations that merit emergency adoption and prompt

publication.

No report.

The Committee on Rail,

W. H. Penfield, Chairman.

Report on Assignment 1

Revision of Manual

C. B. Bronson (chairman, subcommittee), J. E. Armstrong, W. C. Barnes, C. H. Black- ''

man, W. J. Burton, Armstrong Chinn, J. L. Gressitt, G. F. Hand, G. W. Harris,

E. M. Hastings, F. S. Hewes, Maro Johnson, B. R. Kulp, F. R. Layng, G. M. Magee,
E. E. Oviatt, W. H. Penfield, A. N. Reece, J. C. Wallace, Barton Wheelwright,
Louis Yager.

Your committee recommends that the following actions be taken regarding forms

for reporting rail failures:

1. Approval of the proposed revision of rail failure report form 402-C.

This revision provides for the inclusion of detail fractures which develop from

wheel burns, shells, flow, head checks, etc., along with compound fissures. This consoli-
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dation is proposed because of the increasing prevalence of such detail fractures and the

extreme difficulty of their correct identification as distinct from compound fissures. This

revision also provides for separate listing of web failures which occur within and without

the limits of the joint bars.

The committee is laying the ground work for the amplification of the statistics on

control cooled and Brunorized rails and the recording of the data presented on a per-

mile basis. The underlying data will be obtained from form 402-C and additional up-to-

date data on transverse fissure failures in such rail will be compiled from the foreman's

reports of such failures mentioned under item No. 2.

The 1944 revision of 402-C is recommended to replace the earlier revision appearing

in the Manual on page 4-47.

2. Approval of the proposed revision of instruction form 402-C(a).

This form has been revised to conform to changes made in form 402-C. It also in-

cludes as item No. 10 a request that each member road send to the Association promptly

a copy of the foreman's report of each rail failure in control cooled and Brunorized rail

only in cases where it is thought to be due to a transverse fissure, and to hold such rail

available for a reasonable time for laboratory investigation, should such investigation be

desired by the Association.

This 1944 revision will supersede the earlier revision of 402-C (a) appearing on

pages 4—47 and 4-48 of the Manual.

3. Adoption for printing in the Manual of letter-form 402-L.

This letter-form requests an annual statement of (1) transverse fissure failures and

(2) failures due to compound fissures and detail fractures, both (1) and (2) being

segregated between service and detected failures.

This form will furnish the necessary data to continue the record of such failures in

rail of all kinds and of all ages. Its adoption will enable the cancellation of presertt trans-

verse fissure failure report form 402-E and its instruction form 402-E(a), and consider-

ably reduce the labor required by the roads in compiling their reports.

4. Elimination from the Manual (page 4-49) of transverse fissure report form 402-E

and of its instruction form 402-E (a) appearing in the Manual on page 4-50.

Proposed Form 402-C(a)

Rev. 1944

ASSOCIATION OF AMERICAN RAILROADS

Engineeking Division

Instructions for Filling in Rail Bailure Form 402-C Rev.

1. Statistics are desired for all new rail weighing 80 pounds per yard and over, laid in all main tracks.

Continue records 10 years unless rail has been removed from main tracks where originally laid.

Omit information for rollings of less than 500 tons. Do not report rails removed from track on

account of wear, battered or chipped ends, broken or damaged by wheel bums or other external

causes unless detail fractures have developed.

2. In column headed "Trans. Fiss.", list internal transverse fissures only, i.e. transverse fissures which

started from a crystalline center or nucleus within the rail head. Do not confuse transverse fissures

with detail fractures which are other types of progressive fractures originating on the rail surface.

3. Formerly the instructions called for the non-reporting of all failures not due to faulty or defective

rail material. The difficulty of accurate segregation between compound fissures and detail fractures

originating from wheel burns, shells, flow and head checks, etc., is now recognized and all failures

of such types should now be reported in column headed "Comp. Fiss., Det. Fract. From Engine

Burns, Shells, etc."

4. Under "VSH and HSH" list vertical split head and horizontal split head failures only.

5. Under "Other Head" list piped rails and crushed heads.

6. Under "Broken" list square or angular breaks in which none of the defects is apparent for which

other columns are provided.
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7. Fill in the information for rollings in which there were no failures as well as those in which there

were failures.

8. Express the gross tonnage of rails and the mile years in whole numbers, the mileage in whole

numbers and hundredths.

9. // is important that "Kind of Steel" be correctly reported, as separate statistics are compiled

including CC and BR rail only. Indicate plain Open-Hearth by "OH", Intermediate Manganese by
"IM" or "MM", Brunorized by "BR", Control Cooled by "CC", and if end hardened, add "H".
For other special steels and processes, assign suitable abbreviations and if not obvious, indicate

meanings by I'oolnotes.

10. To provide data for special statistics covering transverse fissure failures only in CC and BR rail,

each road is requested to furnish one copy of foreman's report of each such failure in CC or BR
rail only, which is thought to be due to a transverse fissure. This report should be sent in as soon

after the date of the failwe as possible and the broken rail be held available for laboratory investi-

gation.

11. It is important that the report indicate clearly the mill at which the rails were rolled. A list of mills

which have rolled rails during recent years is given here together with the corresponding designations

which should be entered under "Mill."

Name of Company Name of Mill Location Designation

Algoma Steel Co Algoma S.S. Marie, Ont.. Can Alg.

Bethlehem Steel Co Lackawanna Lackawanna, N.V Lack.

Bethlehem Steel Co Maryland Sparrows Point, Md Md.
Bethlehem Steel Co Steelton Steelton, Pa Stltn.

Carnegie-Illinois Steel Co Edgar Thomson. .. Braddock, Pa . Carn.

Carnegie-Illinois Steel Co Gary Gary, Ind Gary
Colorado Fuel & Iron Co Minnequa ... Pueblo, Colo Colo.

Dominion Iron & Steel Co Dominion Sydney, Nova Scotia Dom.
Inland Steel Co Inland Indiana Harbor, Ind Inld.

Tennessee Coal, Iron & RR. Co Ensley Ensley, Ala Tenn.

12. In the first three columns which call for two entries for each item, enter "Mill," "Year Rolled" and
"Section" on the first line (opposite "This Year") and "Kind of Steel," "Year Laid" and "Lb. per

Yd." on second line (opposite "Total".)

13. To convert tons into track miles, the number of tons may be divided by the figures given below,

which show the tons (2,240 lb.) of rail per mile of single track for different weights per yard of rail.

80 lb. RA-A 125.71 tons 112 lb. RE 176.79 tons

90 lb. RA-A 141.43

100 lb. RA-A 157.77

100 lb. RA-B 157.93

100 lb. RE 159.50
105 lb. NYC 165.00
110 lb. RE 172.86

127 lb. NYC 200.04

130 lb. RE 203.65

131 lb. RE 205.54

136 lb. LV 214.03

152 lb. PRR ". 238.23

14. Each line for the different year's rollings should be completely filled in without the use of ditto

marks.

15. Report only the failures for the year ending December 31 opposite the lines "This Year" and all

failures from date laid to December 31 opposite the lines "Total."

16. For reporting "Mile Years", i.e. service of rails:

Rail laid in any month of the report year is considered to have zero years age, hence zero mile-years

of service that year. Rail laid in any month of the preceding year is considered to have one year of

service and similarly rail laid in preceding years would have ages of 2, 3, etc. years. Correspond-
ingly, rail removed from track in any month of the report year is considered to have one full year

of service that year and would disappear from the road's reports for subsequent years.

For Example:

Assume 30 miles of rail rolled in calendar year 1937 of which

10 miles are laid in 1937

20 miles are laid in 1938

5 miles of the rail laid in 1937 removed from track in 1940

All the remainder of the above rail remained in track.
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The reports for succeeding years would show service of these rails as follows

Year

Date of Report Rolled

December 31. 1937 1937

December 31, 1938 1937

1937

December 51, 1939 1937

1937

December 31, 1940 1937

1937

December 31 , 1941 1937

1937

Year
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Report on Assignment 2 (b)

Specifications for Thermal Treatment of Rail, Such as Control

Cooled, Brunorized, Etc.

W. H. Penfield (chairman, subcommittee), J. E. Armstrong, W. C. Barnes, C. B. Bronson,
E. E. Chapman, H. R. Clarke, J. L. Gressitt, G. M. Magee, Philip Petri, Louis Yager.

The Proposed Recommended Practice for the Control Cooling of Railroad Rails

adopted by the Contact Committee of the Rails Investigation and approved by the

Committee on Rail, and published in the AREA Proceedings, Vol. 43, 1942, page 617, was

amended by both committees at meetings held October 19 and 20, 1943, to permit the

acceptance of light rails, providing the temperature did not fall below 300 deg. F. in

5 hours. This amended practice is shown in paragraph 6 of the recommended specifica-

tions which appear in revised form below.

PROPOSED RECOMMENDED PRACTICE FOR THE CONTROL
COOLING OF RAILROAD RAILS

1943

1. All rails shall be cooled in the regular way on hot beds or runways until the

temperature is between 725 deg. F. and 1,000 deg. F., then charged immediately into

the containers.

2. The temperature of the rails before charging shall be determined with a reliable

pyrometer at the top of the rail head at least 12 in. from the end.

3. The handling of rails between the hot bed and the container and their subsequent

removal shall be carefully conducted to avoid bending and to minimize cold straightening.

4. The cover shall be placed on the container immediately after completion of the

charge and shall remain in place for at least 10 hours. After the removal or raising of the

lid of the container no rails shall be removed until the temperature of the top layer of

rails has fallen to 300 deg. F., or lower.

5. The temperature between an outside rail and the adjacent rail in the bottom tier

of the container, at a point not less than 12 in., or more than 36 in., from the rail end,

shall be recorded with reliable equipment. This temperature shall be the control for

judging the rate of cooling.

6. The container shall be so protected or insulated that the control temperature shall

not drop below 300 deg. F. in 7 hours for rails 100 lb. per yd. in weight, or heavier,

from the time that the bottom tier is placed in the container, and in S hours for rails of

less than 100 lb. per yd. in weight.

7. All control cooled rails shall be hot stamped "CC", except that control cooled

rails which are also end hardened shall be hot stamped "CH".
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Report on Assignment 3(a)

Rail Failure Statistics

Part 1—General Rail Failures

By W. C. Barnes

Engineer of Tests, Rail Committee

The rail failure statistics for the year ended December 31, 1942 appearing in this

report, have been compiled in accordance with the standard method of basing the failure

rates on mile-years of service in track.

The reported tonnages and track miles of rollings for 1937 and succeeding years,

included in these statistics, are as follows:

Year Track
Rolled Tons Miles

1937 835,085 4,664
1938 382,800 2,146
1939 732,565 3,902
1940 774,889 4,205
1941 823,256 4,409

Total 3,548,595 19,326

These figures compare with totals of 3,345,498 tons or 18,233 track miles of rail re-

ported last year for 1936 to 1940 rollings.

Table 1 shows the average number of failures per 100 track miles of rail in service

which accumulated during the one to five years' service in the rail reported from rollings

of 193 7 to 1941, inclusive, from all mills, together with similar rates of older rollings

reproduced from previous reports. Both service and detected failures in all kinds of steel

are included in this table.

The 1937 rollings whose period of observation is now concluded, show an average

of 23.9 failures per 100 track miles for the five-year period. This is the lowest rate so far

recorded. The improvement in the rail rolled in recent years over that rolled 25 to 30

years ago is noteworthy. The five-year failure rate of 1937 rail is lower than the one year

failure rate of 1912 rail.

Fig. 1 shows diagrammatically the five-year averages from Table 1. To the casual

reader, these statistics which show, as in Table 1 or Fig. 1, a lowering of failure rates in

O ^
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Table 1.

—

Average Failtjres for 100 Track Miles—All Mills

(Both Service and Detected Failures Are Included)
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MILL YEAR
ROLLED

FAILURES ALL TYPf5 PER 100 TRACK MILE- YEARJ

CARNEGItCtT)
(CARNCOlC-llUnoU^

I9J1
I9?8
r9j9
1940
1941

6 5
3.0
2.8
l.fo

o.e

7.4
4..4-

EN3LCy

I9>1
1998
I9?9
I940
194"

3.4

QARY
fcAONcaiC' 11L1M019)

I9J7
I93»
I9J9
1940
194-J

5.4
}.8
0.5
0.5
09

[ZZI

I9»7
1938
19*9
1940
1941

t.b
1.0

0.2

3 9
1 9

I .2

O.S

lACKAWANMA
(ScrMiEHcn)

19>1
I9J8
1959
1940
1941

0.8
0.2

0.9
0.2

MARYLAND
(aerMLCHErt

)

I9J1
«i93e
1979
I940
1941

2 6
J2.3
00
00
0.0

J.

6

J3.t
00
00
0.0

NO RAILS

MINNEQUA
(COLOHHOO)

1958
1939
1940
1941

4.2

1.4

21

2T
4-2
)0.0

Z.I

5TECLT0N

(aerHLCHEci)

I9»1
1938
I9»9
1940
1941

2.5
4.3
O.T
0.6
0.2

2.9
4. .3

O.T
0.6
0.2

ALL MILL3

1931
1938
1919
1940
,9*1

4-.6
3-2
1.4

1.4

4.9

3 3 I StnV\Ct FAILURES
I oercrTEorAiLunis

« ftsurtmo 010 nor comthol coot. a/tiL

Fig. 3.- -Failure Rates from Date Rolled to December 31, 1942, by Mills

(Service and Detected Failure Rates Shown Separately).

Fig. 3 shows diagrammatically the Table 2 failure rates per 100 track-mile years,

separately for service and service-plus-detected failures, for each of the 1937 and subse-

quent rollings, by mills, unweighted for traffic. Fig. 4 shows diagrammatically the com-
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Table 3 shows the average weights of rail from the various mills and from all mills which

are included in these statistics.

Table 3.

—

^Average Weights of Rail Compiled From Tonnages Used in This Report

Mill

Algoma
Dominion_
Edgar Thomson (Carn.)-

Ensley (Tenn.)
Gary (111.)

Inland
Lackawanna (Beth.)

Maryland (Beth.)

Minnequa (Colo.)

Steelton (Beth.)

ALL MILLS-

1937 1938 1939 1940 1941

107.

101.

127.

108.

116.

115.

118.

130.

111.

125.

113.9

101.2
99.5

125.3
106.7
117.5
115.3
116.1
107.5
120.9
118.5

113.4

106.2
99.5
126.9
111.3
120.1
119.9
117.7
130.9
120.9
122.6

119.4

103.

123.

109.

119.

117.

118.

115.

122.

117.2

104.3

127.9
109.3
118.4
116.7
117.3

120.6
129.1

118.7

Report on Assignment 3(a)

Rail Failure Statistics

Part 2—Transverse Fissure Failures

By W. C. Barnes

Engineer of Tests, Rail Committee

These statistics constitute a cumulative record of transverse fissure failures that have

been reported up to and including December 31, 1942. They include all transverse fissured

rails reported, whether located by actual breakage in service or detected before actual

breakage by inspection or test. The totals shown, however, do not represent all such

failures that have occurred for the reason that a few roads do not report their failures

to the Association.

Every endeavor is being made, by instructions issued to the roads, to restrict the

reporting of failures to those caused by transverse fissures. However, owing to the very

close resemblance that exists between some transverse fissures and certain other types of

progressive fractures which originate at the surface of the rail instead of in the interior,

the roads' reports, and hence these statistics, no doubt include some progressive fracture

failures which are not transverse fissure failures.

Table 1 corresponds with Table 1 of the report of last year, and shows separately

the number of service and detected transverse fissure rail failures which have been re-

ported in all rollings, no matter how old, classified by roads and by years in which the

failures occurred. It includes data from roads which are consistently reporting separately

the service and detected failures. The total transverse fissure failures which occurred on

any one road or on all roads during any given year can be obtained by adding the cor-

responding figures for service failures and for detected failures appearing in this table.

Data for the Chicago, Burlington & Quincy and Texas & Pacific are included for the

first time in this year's report.
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The total fissure rail failures reported in 1942 compared with those in 1941 are:

Service Detected Total

1942 7,407 29,848 37,255
1941 6,069 21,915 27,984

Increase in 1942 1,338 7,933 9,271

Fig. 1 presents graphically the fissure failures by year failed from Table 1. The solid

curve shows the service failures; the broken line shows the detected failures and the

dotted line shows the service-plus-detected failures.

Table 2 shows all transverse fissure rail failures, including both service and detected

failures, reported by all reporting roads, for the rollings of each year from 1933 to 1942

inclusive, from each mill reported, accumulated from the year rolled to December 31,

1942. These data are unweighted for tonnage output of mills, density of traffic or for

years in service. This table is most useful in comparing the failures which were reported

in rollings of various years from any one mill. It will be noted that very few fissure

failures have been reported in rails rolled since 1937, i.e., in rails that have been in service

four years or less. Table 1 shows a grand total of 37,255 fissure failures in 1942, service

and detected, in rails of all ages; whereas Table 2 shows that only 3,548 of these occurred

in rails rolled since 1932. It is therefore evident that 33,707 fissures or approximately

90 percent of the total occurred in rails that had seen more than nine years' service.

Statistics reported in previous years prior to the use of control cooled or Bru-

norized rail also show that an inconsequential number of failures occurred during the

first four years of service. It is therefore still too soon for the use of control cooled

and Brunorized rail to show any appreciable restraining influence on the yearly increase

in fissure failures in track of all rollings which still predominate in the rail rolled before

the introduction of the new process rails.

Since fissure failures increase with the accumulated tonnage over the rails and with

the speed at which that tonnage moves, an increase in such failures can be expected to

continue during this period of exceptional traffic, but these failures, for the most part,

will occur in rails that have been subjected to, say, ten years or more of service.

Fissure rail failures reported for all mills since 1924, as occurring in the first year of

service, are as follows:

Number of

Year Failures

1925 29

1926 SO

1927 114

1928 58

1929 106

1930 33

1931 . 32

1932 3

1933

1934
1935 3

1936 3

1937 1

1938
1939
1940
1941

1942
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Fig. 2 is a mill rating chart which shows separately, for each mill, the service and

detected transverse fissure rail failure rates per 100 track-mile years, from date of roIUng

to December 31, 1942, unweighted for traffic, for each of the rollings of 1933 to 1941,

inclusive.

Fig. 3 shows graphically the average rates of failure, by mills, from Fig. 2, modified

by the application of average traffic density factors, the derivation of which is explained

in the Proceedings, Vol. 32, 1931, pages 369-370. Owing to the necessity of using factors

obtained from average traffic per mile of road, instead of actual traffic over the particular

rails in question, this chart can be considered only as an approximation.

Report on Assignment 3(b)

Control Cooled and Brunorized Rail

Compilation of Statistics for Determining the Performance of Control

Cooled and Brunorized Rail in Service With Respect to Rail Failures,

With the View Toward Evaluating the Higher Price Paid

for Treated Than for Untreated Rails

By W. C. Barnes

Engineer of Tests, Rail Committee

Data are being accumulated to assist in determining the performance in service of

control cooled and Brunorized rail rolled under contract.

Control cooled rail was first rolled under contract by the various mills as follows:

Dominion—January 1931; Algoma—December 1933; Steelton—-March 1935; Inland

—

April 1935; Lackawanna—May 1935; Carnegie—October 1935 Colorado—January 1936;

Ensley—February 1936; Gary—April 1936.

Brunorized rail was first rolled under contract at Gary by the old process in October

1936. This process was revised on April 27, 1938, to provide for holding the rails at a

temperature of 800-1,000 deg. F. for iV^ hours before charging them into the Brunorizing

furnace.

Table 1 lists the gross tonnages of all such contract rail, by mills, purchased by the

listed roads as reported to June 30, 1943. It includes a total of 6,010,636 tons of control

cooled rail and 153,390 tons of Brunorized rail, making a total of 6,164,026 tons. This

represents an increase of 1,149,341 tons of control cooled rail over the tonnages reported

purchased to June 30, 1942. 76,989 tons of control cooled rail included in this increase,

however, represent the total purchases of such rail by the Texas & Pacific, which road is

reporting for the first time this year. No new purchases of Brunorized rail were reported

for this period.

Table 2 Usts failures that have been reported to October 10, 1943. These failures are

classified in accordance with AREA standards. Failures which are primarily due to service

conditions, that is, rails broken or damaged by wrecks, broken wheels or similar causes;

battered or chipped ends; those replaced on account of wear; rails repaired by welding,

engine burn fractures, or injuries from other external causes, are not included. However,

detail fractures, which generally can be attributed to service conditions, have been shown

under a separate heading because of the apparent increase in failures of this type. Wr
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have also shown separately web failures which are not associated with bolt holes and
did not occur at the ends of the rail. It will be noted that the total of 368 such web
failures represents approximately 43 percent of the total web failures. The 1,033 "Other

Head'' failures listed in this table are made up of the following: 173 horizontal split heads;

316 vertical split heads; 4 inclusions; 53 scale, shell or scrappy heads; 334 crushed or

soft heads and flow; 153 miscellaneous. The miscellaneous failures are made up of

piped rails, rolling laps, head checks, broken ends, flattened heads, progressive fractures,

and slivers. Transverse fissures which have been verified are included no matter whether

they developed from shatter cracks, inclusions or blow holes.

Investigation has shown that all but two of the transverse fissure failures in control

cooled rail developed from inclusions or blow holes—causes which that process could not

be expected to eliminate. Investigation of the two which originated in shatter cracks

developed the fact that those rails were rolled before suitable cooling box covers were

in use.

It will be noted that a number of fissures have developed in Brunorized rails which

were rolled prior to the change made in that process in April 1938. No fissures have been

reported in any Brunorized rail made under the revised process.

Report on Assignment 4

Cause and Prevention of Rail Battering and Methods of

Reconditioning Rail Ends

J. C. Ryan (chairman, subcommittee), W. C. Barnes, W. H. Bettis, C. H. Blackman,
C. B. Bronson, H. A. Cassil, C. M. Chumley, H. R. Clarke, C. J. Code, P. O. Ferris,

F. W. Gardiner, E. M. Hastings, F. S. Hewes, W. H. Kirkbride, B. R. Kulp, H. S.

Loeffler, G. M. Magee, R. W. Marye, Ray McBrian, C. E. Morgan, L. T. Nuckols,
E. E. Oviatt, J. C. Patterson, W. H. Penfield, J. G. Roney, R. T. Scholes, F. S.

Schwinn, R. P. Winton.

Your committee, with the aid of the Rails Investigation test party at the University

of Illinois, is conducting the investigation of the test installation of heat-treated rail ends

on the Chesapeake & Ohio, north of Carey, Ohio. This test installation is described in

Appendix F of the 1940 report of the Committee on Rail. A report on the field measure-

ments made on these joints during 1943 by R. S. Jensen, special research associate, Uni-

versity of Illinois, will be found on page 481 as a part of the Tenth Progress Report of

the Joint Investigation of Fissures in Railroad Rails.

There have been no new developments in the test in progress on the Richmond,

Fredericksburg & Potomac, near Penola, Va., to determine the results obtained from

various methods of welding employed to build up battered rail ends, which test was

started during the week of May 5, 1941, as outlined in the Proceedings, Vol. 43, 1942,

page 591, Report of Committee 4—Rail.
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Report on Assignment 6

Continuous Welding of Rail

Collaborating with Committee 5—Track

J. C. Patterson (chairman, subcommittee), S. E. Armstrong, W. C. Barnes, C. H. Black-

man, C. B. Bronson, C. B. Bryant, J. M. Farrin, P. O. Ferris, G. W. Harris, F. R.

Layng, G. M. Magee, C. E. Morgan, L. T. Nuckols, E. E. Oviatt, W. H. Penfield,

J. C. Ryan, R. T. Scholes, R. P. Winton.

This is a progress report preseiited as information.

Your committee reports additional service failures of continuous welded rail on 12

of the installations listed in the report published in the Proceedings, Vol. 42, 1941, pages

660-662.

Failures Failures
Date Previously This Total

Railroad Location Process Installed Reported Report Failures

C. of Ga 24 miles east of

Birmingham "A" Gas Fusion 4-1937 12 12

C. of Ga 21 miles east of
Birmingham "A" Gas Fusion 4-1937 12 12

L. & N Hayden tunnel "B" Gas Fusion 2-1939 11 11

L. & N Parkwood tunnel "B" Gas Fusion 2-1939 4 4

Southern Alexandria, Va "B" Gas Fusion 9-1938 8 6 14

Erie Otisville, N. Y "C" Thermit 6-1936 38 41 79

N. P Bozeman, Mont "C" Thermit 7-1936 7 20 27

N. P Helena, Mont "C" Thermit 8-1936 3 9 12

B. & L. E... River Valley, Pa. ... "C" Thermit 10-1935 4 1 5

D. & H Schenectady, N. Y... "C" Thermit 1935 9 4 13

D. &S. L.... Moffat tunnel "CI" Thermit 7-1938 15 24 39
B. & O Willow Valley, Ind ..

.

"CI" Thermit 7-1939 1 1

"C" Thermit is the old type. "CI" Thermit is Type K.
The Louisville & Nash\4ille advises, "It was necessary to remove all of the welded rail in the Hayden

tunnel, covered by test, in February 1943."
A revised summary to date appears on the folded insert.

Report on Assignment 7

Service Tests of Various Types of Joint Bars

Ray McBrian (chairman, subcommittee), J. B. Akers, W. C. Barnes, C. B. Bronson,

W. J. Burton, H. A. Cassil, C. M. Chumley, C. J. Code, P. O. Ferris, F. S. Hewes,

W. H. Kirkbride, G. M. Magee, R. W. Marye, C. E. Morgan, R. E. Patterson,

W. H. Penfield, B. H. Prater, J. C. Ryan, R. T. Scholes, J. G. Wishart.

This is an annual report, presented as information, covering the service performance

of different types of joint bars which were installed in each of 9 one-mile stretches of

new 112-lb. RE rail in the westbound track of the Atchison, Topeka & Santa Fe Railway

west of Streator, 111., in June 1937 and in 12 half-mile stretches of new 131-lb. RE rail

in the eastbound track of the Pennsylvania Railroad east of Valpariso, Ind., in August

1937. The south rail only of both tracks had hardened rail ends.

Observations and measurements have been continued on the test stretches during

1943, the principal measurements including: (a) Joint camber rail head; (b) rail surface

profile; (c) out to out distance of bars; (d) bolt tension; and (e) complete inspection

of test Locations B and E on the Pennsylvania, the bars of which were removed from

track in November 1943.



418 Rail

Location M

.c

0.03

0.02

V, 0.01

I
^

^ 0.01

0.02

0.03

^^ 0.04

<- 0.05

I 0.03

<S 0.02

c 0.01

^
0.01

0.02

0.03





420 Rail

End- hardened South Roil

Distance from Rail End in Inches
20 12 8 4 O 4 8 I2_

Unhordened North Roil

Distance from Rail End in Inches
12 8 4 4 8 12 20

Leaving Receiving Leaving

Fig. 3.—Rail Surface Profile for 1938, 1941, 1942 and 1943—A.
Average for 30 Joints on Each Stretch.

Receiving

T. & S. F. Ry.

hardened south rail, the decrease in joint camber on all nine stretches has been small,

doubtless due to the small amount of rail end batter. In fact, on three stretches the 1943

readings are slightly higher in value than the original 1937 readings which doubtless means

that the rail surface back 17 in. from the rail end has worn more than the combined

wear, batter, flow and droop at J4 in. from the rail end.

Fig. 2 gives corresponding average values for 30 joints on each rail of each of the

12 stretches on the Pennsylvania in 1937, 1939, 1941 and 1943. For the non-end-hardened
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End- hardened South Rail ^ Unhardened North Rail

Distance from Rail End in Inches Distance from Rail End in Inches

20 12 8 4 4 8 12 20 20 12 8 4 4 6 12 2

Leaving Receiving Leaving Receiving

Fig. 4.—Rail Surface Profile for 1938, 1941, 1942 and 1943—Pennsylvania
R. R. Average for 30 Joints on Each Stretch.



422 Rail

Table 1.

—

^Average Change in Out to Out Measurements on Joint Bars from 1937
TO 1943 m Each Test Stretch on the A. T. & S. F. Ry.

Values are the combined movements of the two bars. Negative sign means movement
towards rail. Each value is the average for 30 joints on each rail. Values are in inches.

Location and Type of
Bar
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Fig. 5.—Average Annual Change in Out to Out Distances of Joint
Bars for 60 Joints in Each Test Stretch on A. T. & S. F. Ry. End-
Hardened South Rail, Unhardened North Rail.

gage on the bar at 22 intervals along the rail surface. The profile gives information on

the change in the rail surface due to wear, flow, batter, camber of joint bar and the

bending or droop of the joint for successive years. In Figs. 3 and 4 are plotted average

values of elevation of rail surface profile measurements made in 1938, 1941, 1942 and
1943. The 1938 readings have been used as a base because the present type of instrument

was not developed in 1937 when the test stretches were installed.
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Table 2.

—

Aver.age Change in Out to Out Measurements on Joint Bars from 1937

TO 1943 IN Each Test Stretch on the P. R. R.

Values are the combined movements of the two bars. Negative sign means movement
towards rail. Each value is the average for 30 joints on each rail. Values are in inches.

Location and Type of
Bar
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Fig. 6.—Average Annual Change in Out to Out Distances of Joint
Bars for 60 Joints in Each Test Stretch on Pennsylvania R. R. End-
Hardened South Rail, Unhardened North Rail.
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at the rail end. On the north non-cnd-hardcncfi rail, the hatter al the middle few inches

is quite marked for all stretches and it is apparently causing a varying amount of droop

to develop on most of the seven stretches equipped with the 24-in. bars. A frequent

reversal of traffic in train operation over this track has doubtless minimized batter differ-

ences at the two rail ends of a joint and this accounts for the somewhat different profile

and camber at the two rail ends of a joint reported for the Santa Fe and the Pennsylvania.

The average rail surface profiles for 15 joints on each rail for each of the test

stretches on the Pennsylvania are shown in Fig. 4. The average rail head wear for the

five-year period for all the stretches at points back 20 in. from the rail ends averages

0.03 in. for the 87,400,000 gross tons of traffic including freight and passenger trains and

locomotives between the two sets of readings for September 1938 and October 1943.

For nine of the stretches on the south end-hardened rail, the average profiles for 1938

and 1943 are reasonably parallel throughout their length, except that the 1943 profile

on the receiving rail is lower by about 0.005 in. than the profile of the leaving rail. On
the north non-end-hardened rail, few if any of the 1943 profiles can be considered

parallel to their companion 1938 profiles, especially on the receiving rail. A considerable

batter on the north rail has developed, usually accompanied by a lowering of the joints

in addition to the lower profile accounted for by rail wear and rail batter; this rail end

droop is more noticeable on the receiving rail. The field end-hardened south rail shows

a much smaller amount of batter than the north non-end-hardened rail over the six-year

period that the test rail and joints have been in track.

Out to Out Measurements

The out to out measurement is the distance between a point on the flange of the

outer bar of a rail joint and a corresponding point on the inner bar. Measurements are

taken on both the top and bottom flanges of the bars near each end and at the mid-

length. The main purposes of these measurements are to show the amount and rate of

"pull in" of the bars, whether the inward movement is greater at the midlength than

at the ends of the bars, and whether any cocking has taken place during a given period.

The changes in the out to out measurements between 103 7 and 1943 are given for the

Santa Fe in Table 1. To show the progressive yearly average change or decrease in out

to out distances at the midlength of the joint bars, Fig. 5 is presented for the nine

locations on the Santa Fe.

From Table 1 it is seen that the total average inward movement of the tops of bars

for the seven locations of head contact bars over the six-year period ranges from 0.06 to

0.19 in. and of the bottoms of the same bars ranges from 0.02 to 0.14 in. For the two

locations with headfree bars, the inward movements at the tops range from 0.02 to 0.08

in. while the values for the bottoms of these same bars range from 0.03 to 0.20 in. The
table also shows that for Locations M. N, O, P, Q, and R the tops and bottoms of the

bars at midlength are usually "pulled in" more than at their ends by from 0.01 to 0.03 in.,

while the bars of Locations S, T and U usually have somewhat more "pull in" at the

ends than at the midlength.

In Fig. 5 the heavy lines represent the average "pull in" of the top midlength of

30 joints for each rail at each of the test locations ; the light lines represent corresponding

values at the bottom midlength of the same bars. The values for the joints on the north

and south rails are plotted separately. The plottings show that for each of the locations

the yearly rate of change in "pull in" is still moderately uniform. For the head contact

bars the average yearly "pull in" at the top mid length of bars ranges from 0.01 to 0.02 in.

for the several locations with a noticeably smaller rate for the bottom of the bars. For
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the two locations with headfrcc bars, only a small yearly decrease is obtained at the tops

of the bars, while the bottom of the bars at the U locations have a yearly rate of decrease

of about 0.02 in. Probably the most significant feature of the out to out measurements

to date for the Santa Fe test locations is that the two bars of individual rail joints have,

with but few exceptions, "pulled in" an amount close to the average value for individual

locations. In other words, the bars of each joint of the 60 joints measured for each loca-

tion have "pulled in" an amount reasonably close to the average amount for the location,

with very few if any bars going inward a large amount. Cocking of bars due to wear

would be denoted by the difference of the change in measurements between the tops* and

bottoms of the bars. In general, the cocking due to wear and "pull in" of the bars to

date may be considered a moderate amount.

Similar out to out measurements for the Pennsylvania are shown in Table 2 and

Fig. 6. From Table 2 it is seen that for several of the locations the average total inward

movement of the tops of the bars over the six-year period has approached or exceeded

0.20 in. which is a considerable amount, as the available take up of most of the joints

is about 0.40 in. The table shows that for the locations with 36-in. length bars the tops

and bottoms of the bars at midlength usually average being pulled in 0.01 or 0.02 in.

more than at their ends. In Fig. 6 the average "pull in" at the midlength of bars is

plotted to show the yearly rate of change. For Locations B and E the recent average

yearly change has increased to such an extent that the tops of many of the bars of the

individual joints are against the upper fillet of the rail web. During the past year or two

the rate of change at some of the other locations is also increasing. For Locations A, D
and F the average yearly "pull in" at the top midlength of bars is about 0.03 in. while

the yearly rate for the bottoms of these bars is about 0.015 in. Values for the north and

south rails have been plotted separately; in most cases the values are larger on the north

non-end-hardened rails where the rail batter is considerably greater. The tops of the

headfree bars of Locations J and K have had a lesser inward movement than the bars

for the other locations. For Locations F, G, H, I, J and K the two bars of individual

rail joints have, with few exceptions, "pulled in" an amount close to the average values

for the 60 joints measured in the several stretches; for Locations B, C, D and E the tops

of the bars of some or many of the individual joints have "pulled in" far more than the

normal amount for most of the joints of these stretches.

Bolt Tension on the Santa Fe

In September 1943 the bolt tension was measured in 24 joints of each test location

and the bolts were then tightened by hand wrenching of all the joints of the test locations

on the Santa Fe. In this tightening the bolts were set to a general average tension of

about 15,000 lb. for each of the nine locations. The existing tension on September 1943 is

given in Table 3 together with the tension as previously reset in the same joints in June

1942 to show the loss in tension over the IS-month period. The average values given arc

for the bolts in the same 24 joints in each stretch; none of these bolts were retightened

during this time. The tension set in the bolts averaged 14,800 lb., the existing tension on

remeasurement averaged 6,500 lb. which gave an average loss in tension of 8,300 lb. for

the 15-month period. The average loss in tension for each of the different locations seems

surprisingly uniform considering the variations in bar designs. The loss in tension for the

period reported here is identical with that for the last 14-month period previously re-

ported; however, these two sets of losses are greater than have been recorded on the same

joints in former years.

In the lower part of Table 3 results are given for three of the locations where the

bolts of six joints at each location were set to an average tension of 8,400 lb. The existing
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tension in these bolts after the IS-month period was found to average 2,800 lb., a value

that must be considered too low for good practice.

Bolt Tension on the Pennsylvania

Two groups of bolt tension measurements are presented for the Pennsylvania. The

first group with the tension as reset in December 1941 and the existing tension measured

in December 1Q42 is shown in Table 4. In the upper part of Table 4, 20 joints at each

location are reported as set to a normal average tension of 13,500 lb., the existing tension

in* the same joints at nine of the locations (excluding Locations B and E) after the

12-month period averaged 6,100 lb., a loss in tension of 7,400 lb. In Table S the same

joints are reported as set to an average tension of 14,400 lb. in December 1942; the exist-

ing tension averaged 5,200 lb. in October 194,^, a loss of 9,200 lb. after the 10-month

period.

In the middle part of Tables 4 and 5, six joints in each of the locations are reported

as being set to a tension of 9,000 to 10,000 lb. at the beginning of each of the test periods;

the average existing tension at the end of the periods is reported as from 2,000 to 5,000 lb.

For the past several years these same joints have been set to a low tension; in future

measurements it will be of interest to see if these joints have been worn more than the

joints in which a normal tension has been set.

In the lower part of the tables, results are shown for six joints at Locations J and K
where the bolts were set to an average tension of about 23,000 lb. The existing tensions

in these bolts after the 12 and 10-month periods were found to average between 16,600

and 13,400 lb.

It will be noted that the existing average tensions in the bolts of the joints at Loca-

tions B and E are very low. A number of the bars at individual joints at these locations

have "pulled in" a large amount during each of these two periods of time and at these

joints many of the nuts had to be turned more than 0.1 in. before contact was made with

the spring washer.

Removal of Joint Bars from Locations B and E
The AREA 24-in. full bearing bars of Location B and the B-19 24-in. controlled

bearing head and base bars of Location E, Pennsylvania, were removed from track in

November 1943 because they were considered to be no longer serviceable. The preceding

figures and tables show that the conditions of the joints at these two locations had reached

a point where they should be removed from track. Many of the individual joints were

quite low and could not be maintained, the bars being "pulled in" so far that the tops of

the bars were against the upper web fillets of the rails. For the past two years it has

been impossible to maintain proper bolt tension in many of these joints. Fig. 7 shows the

rail and bar fishing condition of Joint 850 of Location E. .^s the bars were removed, a

dial fishing height gage was used to measure the combined upper and lower rail fishing

height wear at 1 in. and 10 in. from the rail ends as compared with the unworn fishing

height on the same rails at points back 20 in. from the rail ends. For 30 joints of Loca-

tion E the rail fishing height wear at the 1-in. point near the rail ends and at the 10-in.

point near the bar ends averaged 0.030 in. as compared with the fishing height back at a

point outside of the joint. The rail fishing height wear at individual joints ranged up to

0.080 in. Similarly, for Location B the rail fishing height wear was found to average

0.020 in. near both the rail ends and the bar ends with ma.ximum wear at individual

joints up to 0.050 in. Shortly after the controlled bearing bars of Location E were in-

stalled, a thickness gage of about 0.035 in. could be inserted between the upper rail and
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Fig. 7.—Photographs Taken in 1943 Showing Worn Fishing Surfaces at

Joint 850, Location E, Pennsylvania R. R.
Note heavy rail base wear and shiny spots on bars which indicate contact

with upper rail web fillet.



Rail 433

bar fishing surface at points where the bar was lower due to the controlled bearing

feature; in 1943 this space was usually about 0.005 in., which affords a measure of fish-

ing height wear of rail and bar. The bars of many of these joints having "pulled in" at

their tops from 0.30 to O.SO in., a corresponding large combined wear of both rail and

bar fishing height is known to have occurred. For some time prior to the removal of these

bars, it was usually impossible to insert a thickness gage of greater thickness than O.OOS in.

between the top fishing surfaces of bar and rail at any place, which indicates that,

although the fishing wear was excessive, it was fairly uniform along the length of the

bar. The bars of Location E when installed had an upward camber of about 0.03 in. in

their length that initially put a high crown in the rail surface profiles at the joints (see

Fig. 4) . The upward camber of the worn bars when they were removed from track aver-

aged 0.01 in. The high initial camber of these bars may have contributed to the early

deterioration of these joints.

Conclusions

These service tests have consisted of the installation of nine different types of 112-lb.

joint bars on the Santa Fe and 12 different types of 131-lb. joint bars on the Pennsyl-

vania, with periodic inspections and measurements of certain characteristics which are

judged to be indicative of service performance. The following conclusions seem justified

by the results to date:

End-hardened rails.—Both the Santa Fe and Pennsylvania tests show much less

batter in the end-hardened south rails than on the unhardened north rails for the six-year

test period. The different types of joint bars have so far produced no very distinctive

differences in the amount of batter on the end-hardened rails. However, differences in rail

batter for the various types of joints are beginning to be discernible for the unhardened

rails.

Rail head wear.—The rail head wear at a point 20 in. from the rail end of the 112-lb.

RE rails on the Santa Fe averages 0.025 in. for 64,000,000 gross tons of traffic. The sim-

ilar wear on the 131-lb. RE rails of the Pennsylvania averages 0.030 in. for 87,400,000

gross tons of traffic. These low rates of rail head wear indicate that these rails should

not have to be removed from tangent track for many years due to rail head wear. As

would be expected, there seems to be no difference in the rate of rail wear with the

various types of bars.

Length of joint bars.—Locations Q and R, the only two Santa Fe stretches equipped

with 36-in. length bars, are beginning to show somewhat better performance in some of

the observed conditions than any of seven stretches equipped with 24-in. length bars.

The nine test locations remaining in service on the Pennsylvania are all equipped with

36-in. length bars. The 24-in. length bars of Locations B and E were removed from track

in November 1943, because they were considered to be no longer serviceable. However,

it is anticipated that the bars of one or more of the remaining locations of 36-in. length

bars will have to be removed within the next year or two to maintain the existing high

standard of track.

Controlled bearing bars.—To date the controlled bearing bars have shown no supe-

riority over the full bearing bars—only a prolongation of the test will reveal if they are

as good.

Headfree bars.—No definite conclusions can be drawn to date between the perform-

ance of the headfree bars and other bars of stretches that are still in service. The tops of

the headfree bars have a lesser inward movement than the bars of other locations.
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Angle, bars.—From the results In <i.iti'. iki dctinilc ( urn lii^ioiis tan lie drawn between
llic performance of the angle bars and (he near symmetrical I3 pc of bars. The perform-

ance to date of two of the angle bar stretches may be somewhat above average while the

third stretch is below average.

Special types of joints.—The Evertite bars of Location L were removed from the

Pennsylvania track in April 1941 because of unsatisfactory performance. The two middle

bolts of the 24-in. wedge type joints of Santa Fe Location M have a tendency to become
loose before the periodic yearly bolt tightening. Some of the individual joints of this

stretch are showing a high rate of rail batter on the unhardened rail.

Report on Assignment 8

Investigate Joint Bar Failures and Give Consideration to the

Revision of Design and Specifications

Ray McBrian (chairman, subcommittee), J. B. Akers, C. B. Bronson, W. C. Barnes,

W. J. Burton, H. A. Cassil, C. M. Chumley, C. J. Code, P. O. Ferris, F. S. Hewes,
W. H. Kirkbride, G. M. Magee, R. W. Marye, C. E. Morgan, R. E. Patterson,

VV. H. Penfield, B. H. Prater, J. C. Ryan, R. T. Scholes, J. G. Wishart.

The previous reports on this assignment include information obtained by a ques-

tionnaire relative to the number of joint bar failures, data on fatigue tests from bar

material, reports of photoelastic studies of bar models, observational measurements of

bars in track with common and special chemistry and with common and special heat

treatment, fatigue tests of fully assembled rail joints conducted at the Colorado Fuel

and Iron Corporation and rolling-load tests of fully assembled rail joints conducted at

the University of Illinois.

A progress report of the rolling-load tests of joint bars being conducted at the Uni-

versity of Illinois, under the general direction of Professor H. F. Moore, is submitted

herewith as information. The funds for this research project are provided by the Asso-

ciation of American Railroads.

Appendix A

Second Progress Report of the Rolling-Load Tests of Joint Bars

By N. J. Al.LEMAN*

Introduction and Acknowledgment

The rolling-load tests on joint bars, which are now in progress in the Talbot Materials

Testing Laboratory, University of Illinois, as a part of the work of the Engineering

Experiment Station are carried on in cooperation with the AREA Committee on Rail

under Assignment 8, Investigate joint bar failures and give consideration to the revision

of design and specifications. Mr. Ray McBrian, engineer of standards and research,

Denver & Rio Grande Western Railroad, is chairman of the subcommittee for this assign-

ment. Funds for the conduct of this work are supplied by the Association of American

Railroads. Acknowledgment is made of the services of Mr. Harley Musgrove and Mr.

Earl Shipley, mechanicians in the Talbot Laboratory shops, and of the services of Mr.

W. A. Mareneck and Mr. J. J. Chase, student test assistants.

* Special Research Associate Professor of Engineering Materials, University of Illinois.
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Testing Machine, Test Specimens and Results

The testing machine for the rolHng load tests of joint bars was described in the

AREA Proceedings, Vol. 40, 1939, page 649. The specimen used is shown in the Proceed-
ings, Vol. 44, 1943, page 587."

The eleven joints listed in Table 1 have been tested since the last report was made.
Table 2 lists the hardness readings on the surfaces of both bars of each joint and the

hardness at five locations on the cross section of each failed bar.

On bar 47N, one of the hardest bars tested, the Brinell hardness on the top surface

was 216. A Rockwell B scale reading (iV-in. steel ball and 100-kg. load) gave a Brinell

equivalent reading of 242. The Rockwell test indicated that the maximum hardness was
reached at 0.027 in. below the surface, the Brinell equivalent being 258.
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of 100,0,00 lb. per sq. in. The ten.silc strength of the three heat.s used in te.sting averaged

110,000 lb. per sq. in., or well above the specification value. Application of the general

approximate relationship of Brinell X 500 = tensile strength, results in a Brinell value of

110 000
' =: 220. The wheel load then is corrected on the basis of 220 Brinell, e.g., if the

500
failed bar of a joint with a 44,400-lb. load averages 240 Brinell, the load is changed to

44 400—' X 220 =: 40,600 lb., indicating that a bar of hardness 220 would give the same

number of cycles for failure if the wheel load was 40,600 lb. The results of the tests, list-

ing corrected wheel loads are given in Table 3.

Effect of Cocked Position

B34 Bars.—No more tests have been made on cocked bars, since the results to date

do not show any clear cut difference between cocked and non-cocked bars. The opinion

having been advanced that since photoelastic tests indicate that the B34 is normally

cocked due to the high bolt hole position, it seemed desirable to make a test with the

bolt holes lowered % in. A joint with the holes so placed ran 242,700 cycles, while a

companion joint with bars from the same heat, in which the holes were in the standard

location, ran 150,600 cycles before failure.

Effect of Design

(a) Headfree J16 Bars.—The tests of the headfree bars are plotted on Fig. 2a and

the values corrected to 220 Brinell are shown in Fig. 2b. At the higher wheel loads bolt

tension has little effect on the fatigue life of the bars, but at the lower wheel loads an

increased life is indicated for the lower, 15,000 lb., bolt tension.

One test was made, (Joint 45) using IJ^-in. bolts and 3S,000-lb. bolt tension. This

joint failed after 303,600 cycles. Joint 41 with approximately the same load and also

3S,000-lb. bolt tension, but using 1-in. bolts, ran 503,400 cycles before failure. The average

loss in bolt tension of the four bolts at 30,500, 100,000 and 250,000 cycles was 3,400 lb.

for Joint 45 with the l^-s-in. bolts and 10,500 lb. for Joint 41 with the 1-in. bolts. The

l^i-in. bolts are superior in maintaining a 35,000-lb. bolt tension.

(b) Bar Relief B34 Bars.—Two tests were made, Joints 44 and 46, in which the

upper bar surfaces were relieved 3*2 in. at the center of a length of 1^ in., using a milling

cutter. The surface was smoothed by draw filing.

The failed bars are shown in the photograph in Fig. 4 and the tests are plotted in

Fig. 1.

Joint 44 failed after 317,500 cycles from a fatigue crack in the north bar, starting

at the edge of the relief in a region of heavy bearing. On the south bar a fatigue crack,

detected at a later date, progressed directly down to a bolt hole. This break was 1% in.

from the edge of the relief.

Joint 46 ran 464,600 cycles before failure. A crack in the north bar j'i in. back from

the relief spread outward and downward, however, the joint failed from a crack on the

lower surface of the south bar which progressed up to a bolt hole. It is not uncommon
to find the final fracture of a joint bar at a location different from that at which the

first crack was observed. Possibly this can be explained by the difficulty of detecting the

start of the crack at which fracture occurred.

Joint 49 with bars from the same heat. No. 7, ran 387,000 cycles of stress before

failing, and the crack started on the lower surface. The bars were not relieved, and the

joint was tested to give a comparison of the fatigue "life" of relieved bars and of unre-



440 Rail



Rail 441



442 Rail

Fig. 4.—Fractures of B34 Bars with Bar Relief.

Wheel load: 44,400 lb. Bolt tension: 15,000 lb.

Upper: Joint 46, failure after 464,600 cycles of stress.

Lower: Joint 44, failure after 317,500 cycles of stress.
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Table 4.

—

Bar Deflections With Beam and Cantilever Loading
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Table 5.—^Measurement of Out-to-Out Movement on Bar Flanges and at Center
Line of Bolt Hole

(Spring Action)

Bolt Tension
(Average change on the four bolts)

Decreased from 14,900 lb. to
4,7001b

Increased from 4,700 lb. to
24,4001b

Decreased from 24,400 lb. to
15,7001b

Increased from 4,700 lb. to 24,400
lb. then decreased to 15,700 Ib..

Movement at

Center Line of
Bolt Holes

In.

0. 00509 out

0.00769 in

0. 00304 out

0. 00509 in

Movement of
Flanges

In.

0.00355 out

0.00395 in

0. 00102 out

0. 00355 in

Spring
Action

In.

0. 00144

0. 00374

0. 00202

0.00144

3. A decarburized fishing surface is a source of weakness since the fishing surfaces

are the most highly stressed region in bars. Rockwell "B" readings (penetration depth

0.004 in.) when reduced to the equivalent Brinell numbers were about 40 Brinell numbers

below the hardness given by a Brinell reading, which causes a deeper impression than the

Rockwell "B" readings. Fatigue tests on original bar surfaces gave values of endurance

limit under reversed flexure as low as 28,000 lb. per sq. in.

4. High bearing pressures caused by rough surfaces, poor fit, variations in bolt ten-

sion, etc., result in gouging and galling of the fishing surfaces, thus introducing stress con-

centrations which may reduce the fatigue strength by as much as 50 percent.

5. In all examinations so far made on failed bars the crack causing failure has been

found in or adjacent to a region of heavy bearing pressure.
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Report on Assignment 10

Development and Characteristics of Fractures Under Engine

Burns in Rail

Together with Investigation as to the Effectiveness of Welding Up
Engine Burns by Oxyacetylene or Electric Methods

J. B. Akers (chairman, subcommittee), J. E. Armstrong, W. C. Barnes, W. H. Bettis,

C. H. Blackman, C. B. Bronson, C. B. Bryant, H. A. Cassil, E. E. Chapman, C. M.
Chumley, H. R. Clarke, C. J. Code, J. M. Farrin, F. W. Gardiner, G. W. Harris,

Maro Johnson, F. R. Layng, H. S. Loeffler, G. M. Magee, E. E. Oviatt, Philip Petri,

B. H. Prater, J. G. Roney, R. T. Scholes, F. S. Schwinn, F. W. Thompson, R. P.

Winton, Louis Yager.

This report is offered as information, with the recommendation that the subject be

continued.

Work on this subject has been proceeding, but with delays in obtaining repair

materials for the rolUng-load machines. An appropriation of $1,000 was authorized for

the year 1943, and the same amount has been requested for 1944.

Two rolling-load machines are set up in the laboratory of the Southern Railway

at Alexandria, Va., and the testing is under the supervision of C. B. Bryant, assistant to

vice-president in charge of research and tests for the railway. One of the machines was

loaned by the Sperry Products Corporation and the other by the Union Carbide

Laboratories.

A number of 100-lb. RE rail specimens, with and without engine burns, have been

tested, but the work has not progressed sufficiently to permit any definite conclusions

to be drawn. A progress report in detail was forwarded to members of the subcommittee

on September 8, 1943, for their information and for discussion.

The committee renews its request for information from members as to methods of

repairing engine-burned rails, as well as the efficiency of those repairs. In its report the

committee has also requested statistics to show the prevalence of rails removed because

of the presence of engine-burn fractures, whether service or detected failures. Members

are requested to keep such a record and give the committee the result. If possible, this

should show service failures and detected failures separately, stating the number of

engine-burn fractures per 100 track miles, the miles per engine-burn fracture and the

year or period covered by the report.
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Report on Assignment 11

Investigate Causes of Shelly Spots and Head Checks in Rail

Surfaces for the Purpose of Developing Measures

for Their Prevention

F. S. Hewes (chairman, subcommittee), S. E. Armstrong, W. C. Barnes, W. H. Bettis,

C. H. Blackman, C. B. Bronson, C. B. Bryant, E. E. Chapman, Armstrong Chinn,
C. J. Code, P. O. Ferris, J. L. Gressitt, G. F. Hand, Maro Johnson, W. H. Kirkbride,

B. R. Kulp, F. R. Layng, G. M. Magee, Ray McBrian, L. T. Nuckols, J. C. Patter-

son, W. H. Penfield, Philip Petri, B. H. Prater, J. G. Roney, R. T. Scholes, Barton
Wheelwright, Louis Yager.

This report is offered as information, with the recommendation that the subject be

continued.

The report presented by this subcommittee a year ago appears in the Proceedings,

Vol. 44, 1943, pages 597-619, and reference was made therein to the division of the

assignment into three groups as follows:

1. Study to be handled directly by the subcommittee:

(a) Mill chemistry record of heats exhibiting these defects.

(b) Tabulation of curvature, elevations, speeds and grades for curves showing

these defects.

(c) Effect of rail lubricators.

(d) Transposing rails.

(e) Slow cold rolling.

(f) Field tests of special rails.

(g) Experience of many roads having these defects.

2. Study to be handled by the Engineering Division research staff:

(a) Radius of gage corners of rail.

(b) Tread of wheels, radius between flange and tread of wheels.

(c) Relationship between wear of rail and wheel.

(d) Bearing pressure of wheel on rail.

(e) Cant of rail.

(f) Superelevation of rail on curves.

3. Study to be handled by University of Illinois staff:

(a) Examination of service rail failures caused by these defects.

(b) Rolling-load tests to produce these defects under laboratory conditions.

(c) Resistance of rail steel of various compositions to the development of these

defects under laboratory conditions.

(d) Resistance of different heat treatments of rails to the development of these

defects under laboratory conditions.

The above outline of the work has been continued during 1943, but the shortage of

manpower on the railroads, in the research staff and in the University staff has seriously

hindered the work contemplated by the subcommittee. Funds have been provided by the

AAR for the work to be done by Groups 2 and 3 throughout 1944, and the best possible

use will be made of the available forces and materials.
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As the suhronimittcc investigates this subject more fully, it has been found that

sheUinp is a much more serious and wide spread condition than was first realized, and

while the shelly condition may be visible in some cases, in many others fractures of the

rail may occur without the defect becoming noticeably visible on the surface of the head;

therefore, it is doubly important that a solution be found. In addition to a study of rail

steel compositions, heat treatments, wheel and rail contacts and pressures, the subcom-

mittee may turn to a study of mill practices as a possible cause of shelly steel, or it may
finally resort to a consideration of larger diameter wheels or lighter loads on the wheels.

If the answer lies in some special composition of rail steel or in heat treatment, the inves-

tigation must embrace a study of the possibility that the new chemistry or heat treatment

may give rise to some other types of defects or that they may lead to excessive difficulties

or expense in production.

While this assignment covers both shelling and head checking, very little mention

has so far been made of the latter. At one time the subcommittee was of the opinion that

one solution would cover both defects, but recent developments indicate that this may
not be true. The remaining portion of this report covers shelling only.

This assignment has not advanced far enough to warrant any definite conclusions

at this time, but the following comments are offered relative to progress made so far,

in the order of the groupings given above:

Group 1

Item (a).—A great deal of information has been presented by the Norfolk & Western,

the Chesapeake & Ohio and the Chicago, Milwaukee, St. Paul & Pacific, but no definite

relationship is evident between the chemistry and shelling, except insofar as the hardness

of the running surface of the rail is affected. In his discussion under Group 3 Professor

R. E. Cramer states his observations relative to hardness and shelling.

Item (b).—A study of data submitted by these three roads revealed no definite

trend.

Item (c).—The Delaware & Hudson has a test on two similar curves, one with

lubricators and the other without. This test has been in progress about two years, but

so far neither curve gives any indication of a shelly condition.

Item (d).—Experience on the Milwaukee and the Atchison, Topeka & Santa Fe
indicates that transposing shelly high rails to the low rail (turned end for end), if done

in time, is well worth while.

Item (e).—The Milwaukee reports that moving a good full section rail from the

low side of a curve (cold rolled) to the high side after it had been in service on the low
side for four years, did not prevent the rail from becoming shelly after two years' service

on the high side.

The Norfolk & Western in May and June, 1942, relaid in four locations where severe

shelling of rail had been encountered, some 131-lb. rail that had been taken up after

seven years in a single-track light-traffic line. At the end of one year's service in these

new locations, some flaking and very little shelling were observed. New 131-lb. high

carbon companion rails were about in the same condition.

Item (f).—The same road in May, June, and July, 1941, laid in ten locations where
severe shelling of rail had been encountered, four heats of special high carbon rail, with

carbon ranging from 0.84 to 0.91 percent, but otherwise conforming to usual specifications.

After two years' service, some of these rails are neither flaked nor- shelled while some are

either flaked or shelled to a varying state from light to heavy.
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A certain heavy traffic road, which made a study of its shelling problem, concludes

its report as follows:

The factors underlying failure of rails by shelling may therefore be (1) engi-

neering design of the head of the rail or the change of design which, temporarily

at least, focuses heavy stresses in a narrow zone on the gage side of the surface

of the head; (2) lack of metal soundness due to slag and oxide inclusions which

are elongated to form seams in the finished metal; and (3) lack of hardness and

ductility of the metal of the rail head.

We believe that raising the carbon and silicon and lowering the manganese

content to the following specification limits for control cooled rails will produce

a cleaner rail steel and increase the hardness without lowering the ductility:

Percent
Carbon 0.80-0.90

Silicon 0.25-0.40

Manganese 0.50-0.70

Phosphorus 0.040 maximum

While there are some who advocate higher silicon than here specified, we would

be satisfied for the time being to raise the silicon to the amount given. It is,

therefore, recommended that a fair number of control cooled rails of the above

composition be rolled and placed in track at points where trouble with shelling

has occurred.

It is hoped the railroad will arrange for a rolling to the above chemistry so that the

rail may be tried in actual service under severe traffic conditions.

Item (g).—In addition to the roads referred to above as having furnished consider-

able information to this subcommittee, the Southern Railway in June 1943 assembled

some 73 rails with detected defects at Alexandria, Va., and broke them for inspection by

the subcommittee. In general, these were all detail fractures developed from shelling

cracks, similar in appearance to Fig. 2 in the Proceedings, Vol. 44, 1943, page 602. These

defects varied in size up to approximately 60 percent. All of these, except two, were non-

control cooled. Most of these defects had not yet reached the surface of the rail.

Group 2

This portion of the assignment is covered by a report prepared by Mr. G. M. Magee,

research engineer, which follows as Appendix A, but attention is directed to the following

additional remarks:

Item (a).—The Norfolk & Western in June 1942 laid 1,000 tons of 131-lb. new rail

with modified head contour at three locations where there had been considerable gage

corner shelling. The modified section has a i^-in. gage corner radius, and a 12-in. head

radius, these being connected by a 2^-in. radius easement curve. This contrasts with the

standard dimensions of ^, 14 and 1 in., respectively. The modified section has possibly

worn slightly better than the standard, but nothing definite is available as yet.

Under this item reference should be made to the Norfolk & Western test of an equal

number of new 131-lb. high carbon rail and new 130-lb. PS rail installed in one location

in December 1942, both high and low rails, where extensive shelling had been experienced

in the past. The specifications were the same for both sections. It is too early to form

an accurate opinion at this time.

Item (e).—The subcommittee in February 1942 observed shelling of rails on a 1:20

cant on the Norfolk & Western and on a 1:40 cant on the Chesapeake & Ohio. The

Delaware & Hudson has had a test of rail laid to both cants in service for about two

years, but shelling has not yet been observed on either.
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Group 3

This portion of the assignment is covered by a report prepared by Professor R. E.

Cramer, which follows as Appendix B, but attention is directed to the following addi-

tional remarks:

Itevi ('aj.—Professor Cramer's report, "Examination of Control Cooled and Bru-

norized Rails Which Failed in Service", which is included in Assignment 2 of the Rail

committee, indicates that of 61 such failed rails sent to him up to September 1943, 17

were caused by shelling. This not only shows that the control cooled process will not

prevent shelling, but also indicates the prevalence of this type of failure. His report in-

cludes a number of photographs of shelly failures.

Appendix A

Field Investigation by Engineering Division Research Staff

This progress report is a statement covering that portion of the work which has been

carried out by the Engineering Division research staff as outlined under Group 2 in the

subcommittee report last year in the Proceedings, Vol. 44, 1943, page 597. It discusses

the studies of rail contours and coal car wheel contours made to date.

A. RAIL CONTOURS

Worn Rail Contours on Tangent Track

As described in last year's report, worn rail contours were taken on tangent and

curved track on the Atchison, Topeka & Santa Fe, the Norfolk & Western and the Chesa-

peake & Ohio railways. It was thought that these contours, studied in conjunction with

Average lvalues of

Worn Rail Contours
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worn wheel contours, would afford information on the position of bearing pressure of

wheel on rail. The conditions of rail wear on tangent and curved track are so different

that each must be discussed separately.

Considering tangent track first, it was found that the worn top-of-rail contour

could be well approximated by a compound curve having three different lengths of radii

as shown in Fig. 1. Accompanying the illustration is a tabulation showing the average

length of radii and length of arc as determined from the rail contour cards taken on

tangent track on the Santa Fc, the Norfolk & Western and the Chesapeake & Ohio. The

individual head contours taken at different locations did not vary much from the average

contour for each railway as given in the tabulation. It was evident that new rail soon

wears to the common contour. The radius A that fits the central part of the worn heads

is quite definite as to length and as to the position of the center O.

A comparison of the worn contours as obtained in these measurements with the

design contours for rail of the same section shows a surprisingly good agreement. If the

top surface of the new rail head should be laid out in accordance with the combination

of compound curves of the three radii A, B and C as shown in Fig. 1 for the worn

131-lb. RE rail, the difference as compared with the top surface of the standard 131-lb.

RE section is, however, surprisingly small and does not anywhere exceed a's in. Some

tendency for the early wear on the rail to be somewhat greater at the gage side was

evident from this comparison.

Worn Rail Contours on Curved Track

The rail contours obtained on curved track are so variable depending upon the

amount of rail wear that an average contour curve is of little significance. The charac-

teristics of wear on the inner and outer rail are very different between themselves, but

rVefv 131-lb. R. £. Sect/on

N.&W Ry. 8°06' Curve 2^"S.E. Cage 57.0"

131-lb. R. E. Rail- Rolled May, 1936.

Fig. 2.—Typical Curve Worn Rails.

quite typical from one curve to the next. Fig. 2 shows a typical worn inner and outer

rail contour on an 8 dcg. 6 min. curve. The outer rail had shelled, but not the inner rail.

Of most significance in these contours from the standpoint of rail shelling, is the com-

parison of the worn contours with the new rail contour. This figure clearly shows that

the preponderance of wear of the outer rail occurred towards the gage side which defi-

nitely indicates that the major loading of the rail must have occurred in this area. It is

easy to see, therefore, why the outer rail of curves would be the first to show shelling

and on the gage side, although it is difficult to see at this time what practical measures

can be taken in changing rail contours that would be helpful in preventing the shelling.

U^(l / r
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Distortion of the Rail Head

In studying the individual rail contour cards, the slopes of the under sides of the

head of the rail were extended on the cards until the slopes intersected. For three out of

seven contour cards taken on considerably worn inner rails on the sharp curves of the

N. & W., the extension of these slopes does not intersect at the middle of the rail section.

This must denote a permanent distortion within the rail head or at the junction of head

and web but as the differences of slopes of the two under sides of the heads are so incon-

sistent from one contour card to another, nothing definite can be stated as to the nature

of any permanent distortion of these worn inner rails on sharp curves. In the rail con-

tours taken on tangent track on the Santa Fe, N. & W. and C. & O., there is little or no

evidence that any of this permanent distortion has occurred in any of the rail sections

contoured.

Head Wear of Rail

For the 10 rail sections contoured in October 1942 on the N. & W. tangent track of

131-lb. RE rail laid in 1934, 1936, 1938, and 1939, the wear at the middle of the rail

head as compared with the true rail section ranged from 0.01 to O.OS in. On the C. & O.,

6 contoured tangent 130-lb. RE rails laid in 1929, 1930 and 1931 had an average wear

of 0.04 in. at the middle of the head as compared with the true rail section.

On the N. & W., the inner 131-lb. RE rails of 6-deg. to 9-deg. curves laid in 1934

and 1936 showed wear at the middle of the rail head ranging from 0.10 to 0.18 in. The

outer rails of 6-deg. to 13-deg. curves of 131-lb. RE rail laid from 1933 to 1937 showed

wear at the middle of the rail head (as compared with the true rail section) ranging

from 0.04 to 0.19 in.

On the C. & O., the inner 130-lb. RE rails of 3-deg. to 10-deg. curves laid from 1929

to 1931 showed wear at the middle of the rail head ranging from 0.03 to 0.10 in. On the

outer rails of the same curves laid at the same time the wear at the middle of the rail

head ranged from 0.04 to 0.06 in.

The tracks of both railroads in the territory where rail contours were measured, were

equipped with track lubricators. These lubricators undoubtedly greatly reduced the nor-

mal wear at the gage side of the outer rail of curves; in fact, some outer rails have been

in these tracks for a number of years under very heavy traffic without showing excessive

wear. It would seem that where rail wear is reduced, wheel flange wear would have a

corresponding reduction. It seems reasonable to suppose that the rail lubrication has been

an indirect factor in the development of rail shelling. It is now believed that shelling

develops from a fatigued condition of the metal within the gage corner of the outer rail.

Without effective lubrication, it is probable that the high rate of curve wear would pro-

gressively remove this metal before this fatigued condition could develop. However, the

economies gained in the increased rail and wheel life by rail lubrication certainly far

outweigh the disadvantages due to shelling at the present time. Also, it must be remem-

bered that all rails do not show this shelling condition, even with lubrication.

Measured Cant of Rail Base

The cant of the rail base was measured at all track locations where rail contour cards

were taken by placing a straight edge underneath the two rails and measuring the amount
the outer edges of the rails were above this crossplane.

For tangent track, at the N. & W. locations, the measured cant was usually about

1 in 20 or somewhat more cant than this value. Likewise at most locations on the C. & O.,

the values were usually about 1 in 40 or somewhat more cant.
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For the inner rails of curves, the rail base cant definitely reduces from the original

amount, the rail tends to straighten up and more cutting occurs at the outside end of

the tie plates. Even with the 18-in. length of tie plates used on some of the curves meas-

ured on the N. & W., this condition also applies to some extent.

For the outer rails of curves, the cant of the rail base also reduces from the original

amount laid and the rail tends to straighten up. However, this tendency is not as great

as for the inner rails of the same curves.

B. COAL CAR WHEEL CONTOURS

Wheel contour cards were taken on wheels of 70-ton and 50-ton coal cars on the

N. & W. and C. & O. in October 1942. About 100 wheels were contoured for each railroad.

When a wheel contour card was being made, a straight edge was placed on the flanges

of the two wheels of an axle in such a manner that a straight line was drawn on each

wheel contour card. As this line on the card is parallel to the center line of the axle, the

wheel cards can be superimposed and oriented on each other to study the variations in

the contours. The wheel contour cards can also be fitted on the rail profile cards (which

have a line drawn on them parallel to the cross level of the track) to study the bearing

conditions of the worn wheels on the worn rails. Each wheel contour card was lined up
on transparent cross section paper and the elevation of the worn tread and flange con-

tours were recorded at intervals across the wheel tread and flange. The wheel contours

for multiple wear and two-wear wrought steel, the contours for one-wear wrought steel,

and the contours for cast iron wheels were separated into groups as there are different

new wheel contours for these three classes of wheels.

For multiple and two-wear wrought steel wheels, the contours of only those wheels

with a wheel gage between 5334 in- and 53^ in. were averaged. If all wheels with wider

or narrower wheel gages had been included, little or no change would have been made
in the average contours except possibly in the amount of wear in the flange. The above

contours were separated into four groups for each railway, i.e., those with wear at a

point normally coincident with the center of the rail head of (a) between and 0.09 in.

wear (1.06 to 1.15 in. below the top point of the wheel flange) (b) between 0.10 and

0.19 in. wear (c) between 0.20 and 0.29 in. wear (d) between 0.30 and 0.40 in. wear

(the greatest wear found in the treads that were contoured). These average wheel con-

tours, together with their variation from a new wheel contour, are shown in Fig. 3.

General Comments on the Measured Wheel Contours

1. The outstanding feature derived from the four average groups of worn multiple

and two-wear steel wheel contours is that the averages of the contour groups are parallel

to each other entirely across the tread of the wheel and even to a point high up on the

flange of the wheel. This means that after the initial wheel wear has developed, subse-

quent wear occurs at a substantially uniform rate over the entire wheel tread. The pro-

gressive wheel wear is almost exactly similar in shape for the two railroads.

2. The slightly worn multiple and two-wear wrought steel wheels, although not worn

exactly parallel to the original contour, nevertheless indicate a reasonably uniform dis-

tribution of wear across the tread and flange with respect to the new contour.

3. For the multiple and two-wear wrought steel wheels there is considerable lateral

flow in the outer Y^ in. of tread. The effect of the ^-in. radius on the older wheels or

the 5^-in. radius on wheels turned since 1939 at the outer corner of the wheel tread is

almost obliterated, even on the slightly worn wheels.

4. For the multiple wear and two-wear wrought steel wheels on both railroads,

there was no evidence of the wheel treads being less worn in the outer one inch of the
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0-

I-

Neiv Contour

Av. Worn from .00" to .09"

Ak Worn from .10" to J
9"

Av. Worn from .20" fo 29"

Av. Worn from .30" to 37"

New Contour

Av. Worn from .00"to .09"

Av Worn from .10"to .19"

Av Worn from .20"to29"

Av Worn from .30" to.40"

0-

Netv Contour

N.&W.Av above Worn .00"to.37"

C.S.O. Av above Worn .00" to.40"

Fig. 3.—Average Measured Multiple and Two-Wear Wrought Steel Wheel
Contours. N. & W. and C. & O. Onlv Wheels Included with Wheel Gage between

53^ In. to 53^ In.

tread except for a very few of the contours in the greatest worn group showing a very

slight cupping. As these coal cars probably travel half their mileage on their own road

laid with wide head rail and with the opportunity for the outer part of the wheel tread

to contact the outer part of the head of the inner rail of the many curves (see line 4,

Fig. 7), this may be the reason for the lack of cupping of the treads that were measured.

It is known that tread cupping occurs, sometimes to a very considerable extent, on many

worn wheels in general service throughout the country.
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0-

I -

New One-Wear W.S. Contour

Av.Worn l-W.W.S.from .09"to2l''

0-

New Cast Iron Contour

A^. Worn C. I. on Cars from.09"to.2l"

Ak C. I. on Shop Track .14" to .36"

O-

I -

New Cast Iron Contour

Ay. Worn Cast Iron -C.&O. Cars

Av. Worn I-W.W.5.-N.&W. Cars

Fig. 4.—Average Measured One-Wear Wrought Steel and Cast Iron Wheel Contours-

N. & W. and C. & O.

5. It was found that in the groups of multiple and two-wear steel wheels with the

least amount of wear, all of these wheels were mounted on the axles with a wheel gage

of between S3J4 i"- to 53^ in., which is the allowable gage tolerance for mounting the

wheels. For the wheels with the greater amounts of tread wear, a considerable number

of the wheels contoured were on the axles with a wheel gage somewhat greater or less

than the above tolerance. This raises the question whether wheels that have been in

service for a considerable mileage as indicated by the amount of tread wear may have

at some time been subjected to forces in service which changed the wheel gage slightly.
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Fig. 5.—Contours of the Two Wheels on an Axle Matched for Com-
parison. N. & W. 70-Ton Hopper Cars with Multiple or Two-Wear
Wrought Steel Wheels.
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Average Values for 100

Worn Wheel Contours on Coal Cars

N.&W. C.&O.

Radius M (in.)
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M „ , ^.J^-^,^-^^-
^°°^' ^"^^^- 2fs.£.Oage 57.0"

Multiple Wear Wrought Steel Wheels on l3Hb. RE. Rail Rolled May 1936.

(I) Slightly worn ivhee/s against outer rail

(2) Slightly worn wheels centrally positioned

(3) Slightly worn wheels against inner rail

(•4) Worn wheels against outer rait

(5) Worn wheels Centrally positioned

(6) Worn wheels against inner rail

Fig. 7.—Study of Rail and Wheel Bearing on 8-Deg. Curve—N. & W.

h.vA
'^' '°"'°"''' °^ '^' two-wrought steel wheels on an axle for several axleshave been drawn m a matching position. The most significant fact to be noted from th sfigure :s that or some pairs of wheels, one flange will be worn comparatively sharp andlU^mate very httle showing that the axle has been running towards one rail most of thetm.e. Obviously, the opposite wheel from the one with the sharp flange will produce avery eccentric bearing condition on the rail at such times as its flange may rl or bethrown against the gage side of the rail. It will be noted that for nine of the ten pairof wheels shown, the tread wear is practically the same for each wheel of a pair a apoint normally coincident with the center of the rail head. In fact, for the 200 wheel!contoured, the amount of tread wear at a point normally coinciden with the cenTer o
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(I) Slightly worn wheels ogainsf outer rail

(2)Sl!gh1ly worn wheels centrally pos/ti

(3)Slightly worn wheels against inner rail

(4)Slightly worn wheels. against outer roil

(5)l4/orn wheels against outer rail

(&l^orn wheels centrally po$itioned

nWorn wheels against inner rail

(81 Worn wheels against outer roil

Fig. S.-Sludy of Rail and Wheel Bearing on S-Deg. Curve-C. 4 O

Mul'to^T'' °/ f" '?•' '°°.""" ""'' " """ '"'""^ "»' "' »'' »' a radius could be

Ulustrates the method used and gives average values obtained for the 100 worn wheelcontours obtained for each railroad. The length of the radius M fori Mvla,
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Neiv Multiple I'Veor Wrought Steel Wheels on New ISI-lb RE. Rail

Group A.-Rails Canted 1-40, Cage 56^ in.

New M.W.W.S. Wheels Ne.w M.WWS. Wheels

(0 Wheel against right rail

's centrally positioned

Croup B.'Rails Canted N20, Gage 56J

gainst right rail

centrally positioned

Fig. 9.—Study of Rail and Wheel Bearing. New Wrought Steel Wheels on New Rail.

wheels on the N. & W. varied but little from the 17J^ in. average radius and likewise

the individual wheels on the C. & O. varied but little from the 15 in. average radius.

The slope of the tangent to the Arc w at a point on the tread normally coincident with

the center of the rail head averaged 1 in 26 for the N. & W. wheels, and 1 in 27 for the

C. & O. wheels. As the taper or slope of all new wheel treads is 1 in 20, it is seen that

these worn wheel treads lose some of their taper.

C. THE BEARING CONDITIONS OF WHEELS ON RAILS

As explained above, the wheel contour cards can be fitted on the rail profile cards

because each type of card has a line drawn on it parallel to the cross level of the axle or

track. By this method it is possible to orient desired wheel contours on a given set of

rail contours to study the bearing conditions of the worn wheels on the worn rails. The

bearing conditions are influenced by the relative position of the two wheels on an axle

within the track gage, whether against the outer or inner rail or in an intermediate posi-

tion. With this in mind several figures have been prepared to show the bearing conditions

for different assumed positions for new and worn wheels and rail.

Fig. 7 has been prepared to show the inner and outer rail on an 8-deg. curve on the

N. & W. A pair of slightly worn wheels and considerably worn wheels have been drawn
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Ni. It'A) hhlhcli; Hr,/r t\tcu.]hf Sfeel IVhecfs on Ai>n- /3.'/0 HE RoU
All nail^ Canlcd f-CO- Caiye Si'J in.

Croup A ~ Slightly Worn Wheels

(/) l^heel against right roil

(3) Wheels centrally positioned

(3J Wheel against left rail

Group 3- Worn Wheels

(4) Wheel against right rail

(5) Wheels centrally positioned

(6) Wheel against left rail

Fig. 10.—Study of Rail and Wheel Bearing. Worn Wrought Steel Wheels on New Rail.

in three assumed positions relative to the rail contours, as follows: First, against the outer

rail ; second, placed centrally of the track ; and third, against the inner rail. The gage and

inclination of rail and wheels were carefully measured in the field and have been drawn
to be in proper position relative to each other.

Fig. 8 depicts similar information for the C. & O., except that for the 5-deg. curve

selected there were two adjoining rails, one badly shelled and the other not shelled at

all, and a comparison has been added showing the wheels against the outer rail for both

the shelled and unshelled rail. The contours for a considerable number of worn wheels

have been matched against the outer rail contour for the shelled rail ; none of the wheels

for which contours were obtained give an eccentric loading on the gage side of the rail.
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N&WRy Ai/erage Measured Contour of Wrought Steel Wheels on
Average Measured Contour of 131-lb. R. £. Rail on Tangent

(I) Ai-erage wheels centrally positioned

(^) Ai^eroae ivheels against one rail

Ni IV Ry. Average Meczured Contours of Wrought Steel Wheels on
Average Measured Contours of 131-lb. R£. Rail on Inner and Outer Roils

of Curves.

(3) Average wheels against outer roil

(4) Average wheels centrally positioned

I

(5) Average wheels against inner rail

Fig. 11.—Study of Rail and Wheel Bearing. Average Measured Contours of Wrought
Steel Wheels on Average Measured Contours of 131-Lb. RE Rail on Tangent and Inner

and Outer Rails of Curves on N. & W.

This is perhaps to be expected since the development of the darkened areas with shelling

indicates that only an occasional wheel has bearing on the darkened portion.

Fig. 9 shows the bearing between wheel and rail with new multiple wear wrought

steel wheels on new 131-lb. RE rail with rail cants of 1:40 and 1:20.

Fig. 10 shows the bearing between wheel and rail with slightly worn and worn

N. & W. multiple wear wrought steel wheels on new 131-lb. RE rail canted 1:20.

Fig. 11 shows the bearing between wheel and rail with the N. & W. average meas-

ured contour of wrought steel wheels on the average measured contour of 131-lb. RE rail

on tangent track. It also shows the average wheel contour on the average measured

profile of 131-lb. RE rail on the outer and inner rails of curves.

In general it may be said that the following statements apply for the rail and wheel

contours taken on the N. & W. and C. & O.:

(a) When individual wheel contour cards are matched on individual tangent rail

contour cards, it appears that the two surfaces are worn in such a manner as to usually

give a broad contact of the wheel across the surface of the rail head.
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(b) When an individual wheel contour card is matched on an individual contour

card of the outer rail of a curve with the flange of the wheel against the outer rail,

whether it be a slightly worn wheel or a heavily worn wheel, the two contours fit closely

from well down on the gage side of the rail to somewhat outside of the middle of the

rail head with small inequalities which might allow a possible concentration of the bear-

ing pressures at any point in between. With the worn wheel centrally positioned with

respect to the outer rail or with the flange of the other wheel of the axle against the

inner rail, bearing contact between the wheel and the outer rail of the curve occurs

between the middle of the rail head and the outer side of the head.

(c) When an individual wheel contour card is matched on an individual contour

card of the inner rail of a curve with the flange of the opposite wheel on the axle against

the outer rail, the centroid of the bearing contact between wheel and rail may occur at

about the middle of the head of the rail or it may occur well towards the outside of the

head of the inner rail. With the worn wheel centrally positioned with respect to the

inner rail, contact between the wheel and the rail head occurs almost entirely across the

head of the inner rail.

It is proposed to extend this work along similar lines with measurements of rail

and car wheel contours on other railways.

Appendix B

Second Progress Report of the Shelly Rail Studies at the

University of Illinois

By R. E. Cramer*

Introduction and Acknowledgment

The laboratory studies of the cause and prevention of shelling of rail surfaces, which
are now in progress in the Talbot Materials Testing Laboratory, University of Illinois, as

a part of the work of the Engineering Experiment Station, are carried on in cooperation

with the AREA Committee on Rail, Assignment 11—Investigate causes of shelly spots and
head checks in rail surfaces for the purpose of developing measures for their prevention.

Mr. F. S. Hewes, office engineer of the Atchison, Topeka & Santa Fe Railway, is chairman

of the subcommittee for Assignment 11. Acknowledgment is made of the services of

Messrs. Harley Musgrove and M. C. Moore, mechanicians in the Talbot Laboratory shops,

and of the services of Mr. John Henry, student test assistant.

Special acknowledgment for designing the cradle attachment to the rolling-load

machine for producing shelling in laboratory tests is made to Mr. R. S. Jensen, test

associate. (See Fig. 10)

A preliminary report on laboratory studies of shelly rails was printed in the AREA
Proceedings, Vol. 44, 1943, page 601.^ This report supplements that first report and pre-

sents further laboratory studies on this subject.

* Special Research Associate Professor of Engineering Materials, University of Illinois.

1 Also in Reprint Series No. 25, Engineering Experiment Station, University of Illinois.
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Study of Shelly Rails from Service

Fig. 1 shows about IS shelly spots on a portion of one rail in a curved stretch of

track of the Chicago, Milwaukee, St. Paul & Pacific Railroad near Milwaukee, Wis. Snow

covers all but the head of the rail in this picture. From this curve three specimens were

sent to the Talbot Laboratory for study. It was found that the two rails which had

developed the most shelly spots had a Brinell hardness of 242 while the rail which had

developed the least shelling in that curve had a Brinell hardness of 264. These Brinell

• „. ''>'''Y««t

^?^^^m^-^,rhTT y
m

Fig. 1.—Shelly Rail in Track of Milwaukee Road.

Fig. 2.—Beginning of Shelling Crack
at Gage Corner.

Fig. 3.—Shelling Crack After

Considerable Growth.

readings were taken on cross sections of the rail head below the cold-worked metal, so

they are considered to be somewhat near the original hardness of the rail tread. It will be

seen from later data in this report that low strength of the steel, as indicated by low

Brinell hardness, seems to be a significant factor in the development of shelly spots on

rails. No defects were found in the metal of these rails which might have contributed to

the development of shelling.

It was also found that the shelling on these rails developed differently from that

described as starting internally in last year's report on shelly rails. The shelling cracks

were more shallow and seemed to have started at the surface of the rail. Fig. 2 shows a

shelling crack, indicated by the arrow, just starting near the gage corner of one of the

rails. Fig. 3 shows a cross section of the same rail where a shelling crack has progressed

inwardly about one inch from what was apparently the metal at the gage corner. The

surface opening has now flowed to the side of the rail head due to the action of

the car wheels.

This type of shelling crack eventually progresses to the rail tread near the center

line of the rail and produces the rough spots shown in Fig. 1. Some railroad engineers

call this .kind of shelling "shallow shelUng" to distinguish it from the deeper shelUng which

results when the shelling cracks start inside the rail head as described in last year's report.
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Fig. 4.—Laboratory Rolling-Load

Specimen with Shelling Cracks.

Fig. S.—Side View of Laboratory
Specimen with Shelling.

3% CHROMIUM RAIL I08IB ,B H. N. 375III
-RAIL 804-H2 HEAT TREATED B.HN. 347

SHAPE OF SPECIMENS

BEFORE TEST \-

0.06

.LCP_NTINyES_gEF _GRflP_Hl

.

3 4 5

LENGTH OF WHEEL PATH- INCHES

Fig. 6.—RoIling-Lo.uJ Tests of Rails to Develop Flow.

Laboratory Rolling-Load Tests to Produce Shelling

The roUing-load tests to compare the flow of various kinds of rail steels under labo-

ratory controlled conditions, described in the 1942 report, have been continued, and the

results are now complete on 21 specimens. Specimens for most of these tests have been

machined as shown in the corner sketches of Figs. 6 and 7. This shape of specimen gives

a high concentration of stress on the one-inch wheel path so that standard open hearth

rails ordinarily break up as shown in Figs. 4 and 5. Fig. 4 is an etched cross section of

a rolled rail with white lead rubbed into the shelling cracks to make them show up well
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LENGTH OF WHEEL PATH- INCHES

Fig. /.^Rolling-Load Tests of Rails to Develop Flow.

k

in the photographs. Fig. S shows a side view of a specimen which has developed shelling

cracks in the rolling-load tests. The specimens are not rolled within several inches of

their ends, but, for the photograph, this one has been sawed off close to the wheel path

after rolling.

The results of rolling-load tests completed during the past year are plotted in Figs. 6

and 7. These figures show profiles of wheel paths after 2,000,000 cycles of a SO,000-lb.

wheel load. Fig. 8 gives a graphic summary of the maximum change in profile of 21 rails

which have been rolled to date, including those reported last year. It will be seen that

eight rails have changed less than one hundredth of an inch and a ninth rail was only

slightly over this value. In contrast to these rails are 12 rails which changed in profile

over two hundredths of an inch. It will be noted that all the rails except two which

changed in profile over two hundredths of an inch were below 300 in Brinell hardness.

For standard open-hearth rails to show less than one hundredth inch change in profile

they had to be heat treated to above 340 Brinell hardness except for one specimen. The

exception was Rail No, 2176A, Brunorized, with a Brinell hardness of only 270. One

specimen of intermediate manganese rail and two specimens of used 0.45 percent silicon

rail, both below 300 Brinell hardness, showed less than one hundredth inch change of

profile. In the case of this used 0.45 percent silicon rail, only the usual iV in. of metal

was removed from the rail tread before the rolling-load tests were made. It is now real-

ized that since this was a used rail removed from track, enough metal should have been

machined off to get below the cold-worked zone. Further rolling tests are now being run

with ^-in. of metal removed from the rail tread. It would be more satisfactory if new

0.45 percent silicon rails could be obtained for these tests but so far none has been found.
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Fig. 10.—Cradle for Rocking Rail Under Wheel of Rolling-Load Machine.

As the rolling-load tests have been in progress, specimens for physical properties as

listed in Table I, have been prepared and tested from seven of the test rails. It will be

noted that the physical properties have a close relation to Brinell hardness so the latter

may be used as a quick approximation in classifying rails as to strength.

New Designs of Rolling-Load Machines to Produce Shelling

Two special attachments for the rolling-load machines have been designed and built.

The purpose of these machines has been to develop shelling in the laboratory in full-

section rail specimens. The first machine used a standard flanged car wheel and the rail

was pushed against the flange by rollers as shown in Fig. 9. The rollers were puUed to-

gether with a calibrated spring using a S,000-lb. thrust. This machine was found to be

difficult to operate and when run to 2,500,000 cycles had not produced shelling. It did

cause severe wear of the rail specimens as is evident by the rail specimen in Fig. 9. This

machine was discarded as unsatisfactory for producing shelly rails.

The second machine designed is shown in Fig. 10. This picture shows only the recij)-

rocating bed of the rolling-load machine which goes under the rolling wheel. This device

holds a 15-in. .section of rail in a cradle which slowly tilts the rail under the wheel of the

rolling-load machine from a vertical position to a position of 1 to 5 cant. The cradle

moves through its cycle every .^ min., during which time the rail is rolled 180 cycles.

As the rail is being continuously tilted, the wheel makes contact with the rail along a

narrow line which should produce a maximum flow of the metal.

At the time this report is being written one standard rail specimen has been tested.

It developed a horizontal fatigue crack at 1,000,000 cycles of wheel load. The crack started

at the side of the rail head and progressed inward at about a 4S-deg. angle. Fig. 11 shows

u_ cross section of this rail and Fig. 12 shows the gage corner after opening up the fatigue

crack. It would seem that this cradle-type rolling-load machine has a possibility of being

suitable for the laboratory production of a type of failure quite similar to shelling in
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Fig. 11.—Cress Section of Rail Rolled in Cradle

Type Rolling-Load Machine.

Fig. 12.—Side View of Same Rail as Shown in Fig. 11 After Opening Up Fatigue Crack.

I

full-section rail specimens. It will be used for further comparisons of the various types of

alloy and heat-treated rails which are available for testing, supplementing the more

numerous results of tests of rails machined to a one-inch wheel path, and tested in an

ordinary rolling-load machine.

Observations of New Rails in Track

Through the invitation of Mr. L. T. Nuckols, engineer maintenance of way, Chesa-

peake & Ohio Railway, the members of the test party of this investigation were invited

to observe new rails which had recently been laid on curves where the previous rails had

developed shelling in a comparatively short time. While taking other observations on these-

new rails, the Brinell hardness of the rails in track was also recorded. It is planned to

observe these curves periodically for the first indication of the development of shelling.
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Report on Assignment 12

Investigate Recent Developments Affecting Rail Sections

C. B. Bronson (chairman, subcommittee), W. C. Barnes, C. B. Bryant, W. J. Burton,
C, J. Code, G. F. Hand, F. S. Hewes, G. M. Magee, R. W. Marye, Ray McBrian,
C. E. Morgan, W. H. Penfield, F. S. Schwinn, Louis Yager.

This is a progress report, presented as information.

This new assignment, made in the spring of 1943, is the direct outgrowth of the work

previously conducted by the Committee on Stresses in Railroad Track, and subsequently

by the AAR Engineering Division research staff. It is concerned principally with an

investigation of stresses in the web of the 112-lb. RE rail section, undertaken because of

failures developing in the web member.

It is fully reaUzed that other features of rail design besides the web may need con-

sideration; for instance, the head as a result of the studies now in progress on shelly

rails, etc., covered by Assignment 11. The logical starting point, however, for the work

to be done was the continuation and expansion of the current investigation of web

stresses in the 112-lb. RE section, which has been expanded to include the 131-lb. RE
section. Other sections will be included, depending upon the necessity and desirability of

enlarging the scope of the work.

New and improved scientific instruments and equipment have made it possible to

conduct explorations and obtain data far beyond anything previously attempted. Con-

currently with the field studies, mathematical analyses and laboratory studies are being

made, and in addition, selected roads have been requested to furnish detailed reports

on each individual web failure in the 112 and 131-lb. RE sections in particular.

The more important developments in connection with the rail web stress investiga-

tion are as follows:

Review of Past Developments

In 1940, at the request of the Denver & Rio Grande Western, stress measurements

were made on the web of 112-lb. RE rail in an endeavor to determine the cause of

cracked webs which had occurred. In investigating this condition it was found that sur-

prisingly high vertical stresses were developed in the rail web although not at the location

in the web where the cracks occurred. Similar measurements were made on the Illinois

Central, and in 1941 additional measurements were made on the D. & R. G. W. on its

US-lb. rail on tangent track, and on 112-lb. and 131-lb. rail on 6-deg. curves. The results

of these measurements have been published in the Proceedings, Vol. 42, 1941, page 758,

and Vol. 44, 1943, page mS. With the approval of the Rail committee an appropriation

was requested and granted this year by the Association of American Railroads to continue

this investigation.

Proposed Procedure for the Investigation

After careful study it was concluded that this investigation should consist of three

main phases, as follows:

1. Obtain such additional field measurements as necessary and analyze them to

determine the range of stresses and frequency of their occurrence throughout the webs of

both the 112 and 131-lb. RE rail sections.

2. Determine by laboratory investigation the fatigue strength of steel in the rail

web including the effect of mill scale, stamped and rolled letters, corrosion, etc., with

particular regard to the range of stress that is encountered in service conditions.
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3. Determine to what extent the stress range, as found in the present rail sections,

can be lowered by revisions or modification of the web or other elements of the rail

cross section.

Range of Stress and Frequency of Occurrence

Available rail web stress measurements have all been analyzed and in Figs. 2 to 7,

inclusive, the range in stress and frequency of occurrence, as determined from the stress

measurements, are shown. In some cases measurements were not obtained under enough

trains to justify too close comparisons but the general stress pattern is well shown. It

will be noted the highest vertical web stresses are in compression on the gage side of the

rail in the upper portion of the web. On curved track, particularly with slow speed oper-

tion, quite high lateral forces were developed, especially at the inner rail, which pro-

duced high tension and compression stresses in the lower portion of the rail web. In the

limited number of measurements made on the 131-lb. rail on curved track the stress

distribution in the upper part of the web was similar to that for the 112-lb. rail. No high

stresses were found in the lower part of the 131-lb. web, but in these tests no very slowly

moving train was included. Fillet stresses could not be measured with the equipment

available but stress measuring equipment has now been obtained which will measure the

stresses in the fillets.

Fatigue Strength of Steel in Rail Web
Prof. H. F. Moore conducted a limited number of laboratory tests two years ago

to obtain information on the fatigue strength of the steel in the rail web when stressed

cross-wise to its direction of rolling. Tests were made on polished specimens and on

specimens with mill scale on one side, which were corroded by immersion in tap water.

The results were as follows:

Range of Stress

Lb. per sq. in. Cycles for Failure

Polished Specimen (yi by rs in. Cross Section)

No. 1 0-95,000 compression 623,000

2 0-93,000 " 481 ,000

3 0-93,000 " 690,000

4 0-91,000 " 10,950,000—no break

5 0-84,800 " 11,831,000—no break

(Endurance Limit about 0-91,000 lb. per sq. in. compression)

Mill Scale on One Side—Precorroded with Tap Water

No. 1 0-85,000 compression 248,500

2 0-75,000 " 1,114,000

3 0-65,000 " 466,500

4 0-60,000 " 10,685,000—no break

5 0-55,000 " 10,393,100—no break

(Endurance Limit probably 0-60,000 lb. per sq. in. compression)

Professor Moore has agreed to continue this preliminary work in connection with

the other research activities being carried in collaboration with the AAR.

Effect of Change in Cross Section on Stress Range and Distribution

Considerable work on the stress distribution, particularly as affected by web design

and fillet radius, has been carried out by Timoshenko, Langer, Baud and Leal. Mr. G. R.

Burkhardt of the engineering department of the Burlington Lines has prepared a sug-

gested modified design based on a mathematical study. The mathematical approach is

quite complicated. Photoelastic work is quite helpful, but has the disadvantages of using
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Inner Face of Web
MS *25 '^-^ -2? -45 -65

*55 t?5 *IS*5-5i5 -35 -55

Stress /n thousands

of lb. per sq. in.

Outer Face of Web.

^45 -^£5 *5-5 -^ ,-45 -&5

*35 m-'S-SiS -35 -55

Stress in thousands

of lb. per sq. in.

Fig. 6.—Frequency of Vertical Web Stresses on 6-Deg. Curve at Various Web Heights.

D. & R. G. W. R.R. (Locomotive and Tender Wheels)

Inner Face of Web
*45 '£5 ^5-5 -25 -45-65

OuterFace of Web
t45 -^ ^5-5 -25 -45 -&5
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Stress in thousands
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Reported Web Failures

The occurrence of web failures in rail in track is an indication of the extent to

which web stresses developed in service exceed the capacity of the rail steel. Accordingly,

Mr. W. C. Barnes, engineer of tests, prepared Table 1 showing the web failures which

have occurred in control cooled rail outside the limits of the joint bars. Fig. 8 shows the

average track miles per web failure for the seven rail sizes. It will be noted that the

rate of failure occurrence for any of the rails shown is quite small.

In order to give thorough consideration to this phase of the investigation, a study

will be made of detailed reports of failures in the 112-lb. and 131 -lb. rail from selected

roads as previously mentioned.
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Tenth Progress Report of the Joint Investigation of

Fissures in Railroad Rails

Conducted by

The Engineering Experiment Station, University of Illinois

In Cooperation With

The Association of American Railroads

and

The Rail Manufacturers' Technical Committee

By R, S. Jensen* and R. E. Cramer**

Under the Direction of

H. F, MOORE
Research Professor of Engineering Materials, University of Illinois

I Introduction

Acknowledgment.—The section of this report which covers the field tests for

batter of end-hardened rails in the test track at Carey, Ohio deals with work which has

been carried on in close cooperation with the study of Assignment 4 of the AREA Com-

mittee on Rail, namely, Cause and prevention of rail battering and methods of recondi-

tioning rail ends. During the first part of the year's work Mr. C. J. Geyer, general

manager of the Chesapeake & Ohio Railway was chairman of the group for Assignment 4,

and during the latter part of the year he was succeeded by Mr. J. C. Ryan, supervisor

of maintenance equipment, New York Central Lines West of Buffalo. The valuable assist-

ance of Mr. W. L. Roller, division engineer of the Chesapeake & Ohio Railway, and of

his maintenance men is acknowledged as is the assistance of Mr. M. K. Shafer and Mr.

M. C. Moore, mechanicians in the shop of the Department of Theoretical and Applied

Mechanics of the University of Illinois.

The section which deals with the examination of control cooled and Brunorized rails

which have failed in service deals with work which has been carried on in cooperation

with Mr. W. C. Barnes, engineer of tests, AAR, in connection with Assignment 3(b), Rail

failure statistics, control cooled and Brunorized rails.

The work of Mr. John Henry, student test assistant, has been of no small value,

and it is heartily acknowledged.

II Field Tests for Batter of End-Hardened Rails in Service

on the Chesapeake and Ohio Railway

By R. S. Jensen

Batter measurements on the end-hardened test rails on the Chesapeake & Ohio were

made in April 1943, after a total of 174.5 million tons of traffic had passed over this track.

The same procedure as in previous tests was followed in measuring batter; that is, a

24-in. straight edge was laid on the plotted profile curve of each rail end at the joint

Special Research .\ssociate. University of Illinois.

Special Research Associate Professor, University of Illinois.
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Table 1.

—

Average Batter in Thousandths

Traffic—Million Tons
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BATTER, THOUSANDTHS OF AN INCH

LEAVING RECEIVING AVERAGE

5 10 15 5 10 5 10 15

PROCESS 7

PROCESS 9

PROC. lO.HARD

NOT REHARD.

PROC. 10. HARD y^ >....y. .

REHAROENED Y//////////\

UNHARDENED

PROC.IO.SOFT \//////////A

PR0C.2,MILLE

PR0C.3,MILL I

PRoc.i.MiLL B w^^//y^yy/yyy>/7x

PR0C.6,MILLD

I JUNE 1939 X^//A APRIL 1943

AFTER 1.850,000 AFTER 174,500,000

TONS TRAFFIC TONS TRAFFIC

Fig. 1.—Comparative Batter, End-Hardened Rails.

Field Test of Batter, C. & O. Ry., Carey, Ohio.

37 were Process 1, Mill B joints; 6 were Process 10, hard, not rehardened; 5 were

Process 10, hard, rehardened; 4 were Process 3, Mill I; and 2 were Process 10, soft.

The 1943 batter values continue to show an increase over those of 1942, the

average increase for all joints being approximately 0.002 in. The leaving rails, with the

exception of Processes 3, 9, and 10, hard, not rehardened, have a greater amount of batter

than the receiving rails. This is due in part to the difference in elevation of the rail ends,

the receiving end for all processes averaging from 1 to 11 thousandths of an inch lower

than the leaving ends, with a few individual joints having up to 0.040 in. difference. Also,

the closed gaps on many joints cause the wheel to hammer down the high point of the

hardened zone and the reduction of this point of reference decreases the measured batter.

The average joint profiles for June 1939 and April 1943 are shown in Figs. 2 and 3.

Although the batter is not excessive, several of the joints show a pronounced droop.

The three joints shown in Fig. 4 illustrate conditions not apparent from the average

profiles, yet which occur at numerous joints in the test track. Joint 777 shows how rap-

idly the batter increases on rail ends with large weeping cracks. The cracks measure 2 in.

on the leaving rail and 1J4 in. on the receiving rail. In a year the batter on the leaving

end increased from 0.021 in. to 0.037 in. while that on the receiving end increased from

0.00."? in. to 0.013 in.
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Fig. 4.—Joint Profiles, Test Track, Carey, Ohio.

Before drawing conclusions on this investigation of end-hardened test rails, it should

be recalled that all the test rails were cross-slotted by grinding after being in track one

year. This was considered necessary because the top surface metal or the decarburized

metal had flowed toward the rail ends enough to fill up the t^-in. bevel of the new rails.

It would seem advisable to increase the bevel on new rails so the small amount of flow

which takes place when the rails are first put in service would not require an early grind-

ing in track. It is now thought that the deep grooves, see Fig. S(a), left by the grinding

on the hard metal of the end-hardened rails played a major role in the development of

weeping cracks in some of the test rails. However, other rails as shown in Figs. S(b) and

S(c), developed cracks on the smooth ground portion of the rail ends but not until they

were rather deeply pitted by rusting.

Conclusions

1. All the rails in which the weeping cracks were large enough to require the joints

to be built up by welding were water-quenched.

2. From an examination of the batter, Table 1, it is evident that there was no out-

standing difference in batter between air-quenched and water-quenched end-hardened rails.

3. On the basis of the test data obtained at the Carey test track it is recommended

that an initial Brinell hardness number of 401 be regarded as the maximum hardness

which should be developed in order to avoid the probability of serious cracking in service.

4. It seems advisable to bevel new rails which are to be hardened enough to take

care of the end flow which results from the early movement of the decarburized surface

of new rails. This would eliminate the early field cross-slotting of the rails which in the

Carey tests caused sharp re-entrant notches in the end surfaces of the rails, and appears

to constitute a definite danger of the development of weeping cracks.
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(a)

(b) (c)

Fig. 5.—The Starting of Weeping Cracks on Ground Rail Ends.

(a) Joint 469. Graham, soft. A weeping crack is just starting to develop from a to 6 in

the long grinding groove.

(b) Joint 183. Free held torch. Magnification 5 X. Gage corner of rail as removed from

track with rust on ground bevel and showing starting of a weeping crack.

(c) Magnification 5 X. Same area as (b) after polishing off rust, but not grinding to the

bottom of all rust pits.

IV Examination of Control Cooled and Brunorized Rails

Which Failed in Service

By R. E. Cramer

A request has been received for a compilation of all failed control cooled rails exam-

ined at the Talbot Laboratory, University of Illinois, together with photographs of typical

failures. The list by years is shown in Tables 3, 4 and S. Typical failures are shown in

Figs. 6 to 17, inclusive, together with brief descriptions of each. In the future as each

(text continued on page 495)
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(a)

(b)

Fig. 6.—Shelly Rail from Segregation Streak.

Failed Rail No. 31S. Edgar Thompson control cooled 112-lb. rail. Heat No. 212247-F-2S. Rolled 7-1937.
Supplied by J. C. Patterson, chief engineer maintenance of way, Erie Railroad.

View (a) (Photo No. 2084) shows the side of the rail as received. View (b) (Photo
No. 2085) shows the same location opened up. This figure shows a horizontal split head
which started along a segregation streak about ^ in. from the gage side of the rail and

^ in. below the tread. Above this main crack shelling cracks had developed which pro-

gressed to the side of the rail head allowing the wedge shaped pieces to drop out so the

rail is in a badly shelled condition.

Both horizontal split heads and vertical split heads developed from heavy segregation

streaks in this rail. These streaks contain numerous non-metallic inclusions which are

weak and brittle and soon fail under wheel loads. Before control cooling such streaks

often contained shatter cracks which soon developed into vertical or horizontal split heads.

No shatter cracks were found in this rail.

This failure should be classified as a horizontal split head which also developed
shelling.
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(a)

(b)

Fig. 7.—Detail Fractures from Head Check and Shelly Spot.

(a) Failed Rail No. 332 is Gary control cooled 131-lb. rail. Heat No. 55202-E-lO. Rolled 4-1936.
(b) Failed Rail No. 333 is Gary control cooled 131-lb. rail. Heat No. 36194-D-18. Rolled 4-1936.

Supplied by L. T. Nuckols, engineer maintenance of way, Chesapeake & Ohio Railway.

View (a) (Photo No. 2126) shows Rail No. 332 and View (b) (Photo No. 2127)
shows Rail No. 333. View (a) shows the top slice of a six-inch section used for etch

test. Note several gage corner head checks, two of which are very large and amount to

detailed fractures from head checks. The one which has been broken open was the one
that gave the Sperry indication. View (b) shows a side view of a four-inch length of the
No. 333 rail. After considerable sawing to open up the crack, the pieces that were broken
loose from the main part of the rail have been turned up to show the fracture. If one
examines the dark portion of the longer piece which had been turned up, he will notice
several longitudinal cracks one inch to two inches long. These are gage corner shelling
cracks, and where the Sperry indication was obtained this horizontal crack has turned
transverse.

No shatter cracks were found in the etch tests of either of these rails. Rail No. 332
failure should be classified as a detailed fracture from head checks, and Rail No. 333
failure as a detailed fracture from gage corner shelling.
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Fig. 10.—Transverse Fissure from Welded Spot.

Failed Rail No. 321, Photo No. 2090. Gary control cooled 131-lb. rail.

Heat No. 39280-D-27. Rolled 7-1936.
Supplied by C. J. Geyer, general manager, Chesapeake & Ohio Railway.

View (a) shows the fissure in the rail but it is partly covered up. The full size of the

fissure as revealed by further machining is shown by the dotted ink line. View (b) shows
a cross section cut close to the fissure and etched in ammonium persulfate. It is obvious

that this rail has been built up by welding. Probably an engine burn was built up. It is

considered that some defect in the welding acted as the nucleus of the fissure. This failure

should be classified as a tranverse fissure from a welded spot.

(text continued from page 488)
failed rail is examined brief reports will be prepared for each member of the AREA Rail

committee and the Rail Manufacturers' Technical Committee.

Examination of the complete list of failed rails gives the following summary.

Detailed fractures from shelly spots 17

Transverse fissures from blow holes 13

Transverse fissures from shatter cracks

Brunorized rails (old process) 8

Control cooled rails (loose lids on cooHng containers) 2

Engine burn fractures 6

Transverse fissures from welded spot 3

Horizontal split heads >. 3

Web failures 3

Vertical split heads . 2

Miscellaneous 4

Total 61

Most of these failed rails were originally reported as containing transverse fissures.

It is not always easy to classify failures of rails which break in service, and it is practically

impossible to classify rail failures by detector car indications unless the rails are actually

broken for examination.

It is not surprising that 17 detail fractures from shelly spots have been mistaken for

transverse fissures. During the past year only two transverse fissures have developed from

blow holes. This is an insignificant number out of over S million tons of control cooled

rails in service. From all the evidence at hand it appears that control cooling has satis-

factorily reduced the number of transverse fissures to the minimum that can be expected

in a commercial product.
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(a) (b)

(c)

Fig. 11.—Engine Burn Fracture.

Failed Rail No. 307. Inland control cooled 131-lb. rail. Heat No. 19262-C-2. Rolled 1-

Supplied by C. J. Geyer, general manager, Chesapeake & Ohio Railway.

View (a) (Photo No. 2048) shows the rusty fracture as received. This was reported

by the section men as a transverse fissure. There is no nucleus visible but at the gage
corner there is a zone tW in. deep with a very fine grain structure. View (b) (Photo No.
2050) shows an area on the tread of the rail after etching in hot hydrochloric acid. This
surface shows typical heat checks indicating engine burn. These cracks were not visible

before etching. View (c) (Photo No. 2052) is a photomicrograph at 32 X magnification
through the hard surface zone. The top or very white layer is martensite. The next layer

underneath is also wheel burned steel from a previous wheel shppage. Rockwell hardness
tests showed the surface material to have a hardness equivalent to about a 500 Brinell

number. This failure should be classified as engine burn fracture.
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(a)

(b)

Fig. 12.—Vertical Split Head from Slag Streak.

Failed Rail No. 329. Gary control cooled rail. Heat No. 48090-E-l. Rolled 2-1937.
Supplied by L. T. Nuckols, engineer maintenance of way, Chesapeake & Ohio Railway.

This failure was reported as a split head but it was considered desirable to examine it

for the cause of failure. View (a) (Photo No 2118) shows the failure as received. View
(b) (Photo No. 2117) is a cross section of the rail head close to the failure. A large slag
inclusion can be seen at the location where the split head developed. This was found to
he a type of defect which develops on the end of the rail from the bottom of the
ingot. Sufficient metal had not been cropped to remove the defect from this rail which
was the bottom rail from the ingot.



498 Rail

''III I IIIIIII28G

(a)

(b)

(c)

Fig. 13.—Transverse Fissure from Blow Holes.

Failed Rail No. 286. Inland control cooled 131-lb. rail. Heat No. 2327S-E-20. Rolled 8-1936.

Supplied by C. J. Geyer, general manager, Chesapeake & Ohio Railway.

View (a) (Photo No. 1991) shows 11 defects in 41 in. as marked by the Sperry

detector car. View (b) (Photo No. 1992) shows two large fissures which developed from

blow holes on opposite sides of the rail head. These two fissures were on different planes

about iV in. apart. View (c) (Photo No. 1995) shows a slice through the center of the

head as sawed. This rail contains a large number of gas pockets. This failure should be

classified as a transverse fissure from blow holes.
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(a)

(b)

Fig. 14.-—Transverse Fissure from Blow Hole.

Failed Rail No. 314. Steelton control cooled 131-Ib. rail. Heat No. 82171-A-16. Rolled 5-1937.

Supplied by E. E. Oviatt, chief engineer, New York, New Haven & Hartford Railroad.

View (a) (Photo No. 2080) shows the transverse fissure with a rough granular

nucleus. This nucleus was a hole about % in. in depth. Six-inch sections of the rail head

on both sides of the fissure were sawed into four slices each and etched in hot hydro-

chloric acid. Only two additional small gas pockets were found in these slices. View (b)

(Photo No. 2081) shows the slice with the largest hole. This failure should be classified as

a transverse fissure from a blow hole.
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Fig. 15.—Transverse Fissure from Blow Hole.

Failed Rail No. 335. Steelton control cooled I12-lb". rail. Heat No. 83301-F-lS. Rolled in 1939.
Supplied by P. O. Ferris, chief engineer, Delaware & Hudson Railroad.

View (a) (Photo No. 2129) shows a transverse fissure with a sizeable hole as a
nucleus. Two six-inch sections of the rail from either side of the fissure were sliced and
etched but no further holes were found in these. The piece containing the fissure was then

sliced through the nucleus and another small blow hole was found as shown in View (b)

(Photo No. 2133) . Fatigue cracks can also be seen extending from this blow hole. This
failure should be classified as a transverse fissure from blow holes.
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(a)

(b)

Fig. 16.—Transverse Fissure from Blow Hole.

Failed Rail No. 308. Steelton control cooled lS2-lb. rail. Heat No. 82200-D-14. Rolled 10-1936.
Supplied by W. D. Wiggins, chief engineer, Pennsylvania Railroad.

View (a) (Photo No. 2064) shows the fissure with a large blow hole nucleus. View
(b) (Photo No. 2068) shows four slices sawed from the head of the rail. The middle
slice was etched in hot hydrochloric acid. Several small blow holes may be seen on each

slice. ThisTailure should be classified as a transverse fissure from blow holes.
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(a)

(b)

Fig. 17.—Transverse Fissure from Blow Holes.

Failed Rail No. 317. Inland control cooled 131-lb. rail. Heat No. 30042-F-23. Rolled 2-1941.
Supplied by C. J. Geyer, general manager, Chesapeake & Ohio Railway.

View (a) (Photo No. 2089) shows the fissure in the rail with a large blow hole

nucleus. The fissure was very rusty so it did not photograph plainly. View (b) (Photo
No. 2087) is a horizontal slice Yi in below the tread after a light etch in 50 percent hot
hydrochloric acid. It is very obvious that this rail contained many large blow holes which
explains its early failure.

A technical article has appeared in the literature on porosity in steel. It is Technical
Publication No. 1515 of the American Institute of Mining and Metallurgical Engineers
entitled, "The Cause of Bleeding in Ferrous Castings", by Dr. C. A. Zapffe. The author
considers the porosity to be caused by the formation of steam during the solidification of

the steel when the concentration of hydrogen and oxvgen in the steel are favorable for

such a reaction.

This failure should be classified as a transverse fissure from blow holes.
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PROCEEDINGS
Report of the opening session o£ the meeting on Tuesday
morning, March 14, 1944; the closing session on Thursday

afternoon, March 16; and including also papers on labor

and material problems and the post-war outlook.

Opening Session, Tuesday Morning, March 14, 1944

The forty-fourth annual meeting of the American Railway Engineering

Association was called to order at 9:55 a. m., on March 14, 1944, in the. Grand

Ball Room of the Palmer House, Chicago, by President H. R. Clarke, chief

engineer, Burlington Lines, Chicago.

President Clarke: The meeting will please come to order. Will the members of the

Board of Direction please take places on the platform. This is the forty-fourth annual

meeting of the American Railway Engineering Association. The meeting is also the

concurrent session of the Construction and Maintenance Section, Engineering Division,

Association of American Railroads.

The first order of business is the reading of the minutes of the last annual meeting.

These minutes have been printed and a copy has been furnished each member. Unless

there is objection, the reading of the minutes will be dispensed with. As there are no

objections, the minutes will stand as printed.

Address of President Clarke

In opening the forty-third annual meeting, President Bond said, "We are assembled

under a stress of circumstances, which compels every member of our Association and

of our profession, to regard his civil responsibilities as national service, and his regular

sphere of duty as his 'Action Station'." That was true then, and we have come to realize

that it applied, with even greater force, as we became more deeply engaged in the war

effort and came to grips with the problems and difficulties that were presented.

When we last met, two years ago, our country had actually been at war a little

over three months. We knew difficult and dangerous days were ahead, but in many
cases could only guess what the actual developments might be. In the two years just

past, the changes in our accustomed ways have been great. The armed and industrial

might of our country has developed, until today, we stand as the greatest and strongest

nation the world has ever known; not in numbers, but in our potential and sustained

striking forces. This has been made possible by a unity of purpose and determined effort

that has profoundly affected all of us.

As we became more familiar with the task ahead of us, as we learned what had

to be done and how to do it, we found that some of the conditions we feared and

dreaded most had not developed, but many things we had not expected or foreseen had

come to pass. As new demands were made and new goals set, they have been met, not

easily or without effort; but, so far fully and completely. This has been accomplished,

505
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partly by the exercise of the best judgment and foresight granted us; but, even more,

by performing the duties, each day presented, to the best of our ability, as they arose.

In doing what has been done, many individuals and organizations have made records

of which they can always be proud. However fine the performance of any other industry

may be, the railroads have equaled or surpassed them all. They have written a chapter

in the record which will stand for a long time. The industry, which for years had been

declared decadent by the uninformed, (and they were many) which had been the foot-

ball of politics, hamstrung and handicapped in almost every way, has again demonstrated

its vitality, resourcefulness, and worth. It is well for the nation and the world that

this is so.

A Splendid Performance

When speaking of what the railroads have done, it is unnecessary to go into detail.

It is a matter of common knowledge. You know the story well. They have carried more

passengers, civil and military, farther, and handled greater freight tonnage, better than

ever before. Operating revenue reached an all-time high in 1943. So did operating expenses,

taxes, and wages. The splendid record, of which we all are proud, was made under

difficulties more or less common to all industry, due to shortage of manpower, insufficient

equipment, and lack of material. These handicaps are still with us and probably will

be until the end of the emergency.

The splendid performance of the railroads, so far, has been made possible by the

determination, effort, and cooperation of all concerned^—management, labor, and govern-

mental bodies; and full credit must be given the shippers and receivers of freight for

the way in which they have complied with all suggestions and requests. Wc believe that

in the united effort, and what it has accomplished, this Association has had a part and

has done it well, but the task, while well begun, is not finished. These are difficult and

serious days, often perplexing and confusing, and we need all the help we can get. This

meeting has been called and the program has been prepared soley to meet and answer

that need.

The period, during which I have had the honor of serving as your President, has

been a critical time in the life of our Association. I believe both the usefulness and the

prestige of the Association have increased. Conditions growing out of the war, shortage

of labor, material, and the unprecedented volume of traffic, created new problems for

the railroad industry. Many of these were referred to us and answers were demanded

in much less time than is required under the established and time tested procedure of our

Association. The Board of Direction has been keenly conscious of the desirability of a

maximum use of the composite ability of our membership in meeting the responsibility

given us, and very reluctant to deviate from the usual procedure in the interest of more

prompt action; but there was no choice. The Board, and your officers acting for the

Board, were compelled to break long established precedents.

At first, as new issues were presented, an effort was made to deal with each one

as a special case, as seemed most appropriate at the moment. Later, as emergencies

became the rule rather than the exception, this no longer answered, and in order to be

prepared, at all times, to handle promptly and to a conclusion, the problems being

referred to us, a small emergency organization was set up, through which the American

Railway Engineering Association, acting as the Construction and Maintenance Section

of the Association of American Railroads, could be of the greatest service in dealing

with questions as they arose.
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In my report to you, a year ago, this organization was fully described, personnel

of special committees given, and some of the matters handled were cited. Having in

mind the rather drastic departure from established procedure and the concern of your

officers and Board that, in the absence of an annual meeting, our members might be

currently and fully advised on all important matters, I wished to get this to you as

promptly and fully as was possible. The approval of the emergency measures, expressed

by many members was gratifying. At this time, I shall only briefly review the plan

adopted. Four small committees were appointed to act for the standing committees.

Members of these committees were selected with careful thought and consideration of

their qualifications to handle problems that might be presented, by membership on the

standing committees, work for which they were responsible on their respective roads,

and their geographical location. To coordinate the work of these committees, four

members of the Board of Direction were authorized to act for the Board and pass upon

the recommendations of these emergency committees. This plan made it possible to

handle all problems as they were presented, in an orderly, systematic, and thorough

way, and to render decisions or make recommendations with the promptness required

in the emergency. In a few instances small special groups have been called upon to

study some unusual problem and present to governmental authorities conclusions, which

in their judgment would represent the action of a standing committee, had time allowed

a canvass to be made and expression of opinion secured.

Rendered Valuable Service

One or two of the emergency committees have been relatively inactive, as few

matters requiring their attention have come up. Others have been required to devote

much time and study to a large number of diversified assignments. The Emergency

Committee on Roadway and Track Problems was called on most frequently and I take

advantage of this opportunity to express my appreciation of the service rendered by

its chairman, Mr. W. H. Penfield, who has given a great deal of time to a study of the

problems assigned to this committee. His response to the call of your president has

always been prompt and whole hearted.

Perhaps, it would be well to review briefly some of the questions referred to our

Association during the past two years. The impact of the war has been felt by the

railroads in many ways. Shortages of men, material and machines used in the construction

and maintenance of track and structures have become increasingly serious. We early

learned the meaning of the term "critical" as applied to many of the items we need

and use. Our committees were most active in efforts to reduce the amount of critical

materials needed, or to find suitable substitutes that might be used without too great

detriment and loss.

Shortage of materials and the urge for increased production resulted in this Asso-

ciation being called upon to take the lead in another way. The American Railway

Engineering Association has long been recognized as the authoritative source of informa-

tion on railway engineering practice. The recommended practices and specifications

appearing in our Manual have been adopted, in whole or in part, by the railways of

North America, or have served as the basis on which the standards of individual rail-

roads are founded. It was natural, therefore, that the War Production Board should

select many American Railway Engineering Association specifications for mandatory

application in the effort to expedite production through simplification.

However, the adoption of this expedient in some cases involved difficulties that

were not at first apparent. There were complications due to the necessity for temporary

amendments that recognized the shortage of certain critical material. In other cases.
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compromises, with respect to certain details in regard to which there were still rather

positive differences of opinion as between the individual roads or groups of railways,

had to be worked out. At all times, it was realized that apparent simplification, through

arbitrary directives, would result in hardship and loss, entirely out of proportion to the

assumed gain, and that much more effective results would be assured by enlisting the

voluntary cooperation of the railroads in a program of simplification and standardization.

Cases in point are, the method used in the determination of the allotment of new rail,

the plan for the allocation of released rail to the Army and Navy, and the study of

and report on the possibilities of reduction in number of rail sections rolled. In these

and many others the standing and special committees of this Association took a leading

and constructive part. Speaking for the Association, I extend to them our sincere thanks

for the splendid service rendered, for a task well done. I am happy to be able to say

that we had the ready cooperation of governmental departments and groups in these

activities.

No Meeting in 1943

My appearance before you this morning is unusual, in that I am reporting to you

regarding two consecutive years of Association affairs and activities, as we have not

been privileged to meet since March 1942. The reasons for cancellation of the annual

meeting of 1943 were fully set forth in my letter to you under date of Dec. 15, 1942,

and I am sure I need not repeat those reasons. I assure you the officers and Board of

Direction were keenly aware of the seriousness of the decision and were most reluctant

to take such drastic action. However, after careful consideration and long discussion,

it was the decision of the Board that the annual meeting should be deferred. It was

further decided that, with the exception of the annual meeting, all other activities of

the Association were to be carried on with unabated vigor.

Having reviewed the part our Association has taken in the war effort of the rail-

roads, and touched on the unusual measures required and taken, it is in order to consider

the more normal work which has been done. While we have good reason to be proud

of the service rendered in dealing with problems growing out of the war emergency,

it is also a great satisfaction to be able to say to you that our committees have carried

on with loyal enthusiasm, when at times the work was done under difficult and dis-

couraging conditions. Now, as in the past, the standing and prestige of the Association

depend on the work done by the committees, and the value of the American Railway

Engineering Association to its members and to the railroad industry today, as for the

past forty-five years, must be measured by that standard. Never, in the history of the

Association has it been more difficult to find time to devote to committee work. There-

fore, it was suggested to the chairmen that, so far as possible, such time as could be

made available should be concentrated on assignments directly pertinent to advancing

the war effort, even if that should mean deferring study of more routine subjects. That

suggestion has been kept in mind and closely followed, resulting in reports, in some

cases, much shorter than in former years, but containing in brief and concise form much
valuable and timely information. Measured, not by the printed pages required for their

presentation, but by the timeliness and worth of the data given, the committee reports

of this year are worthy of your careful study.

Equally gratifying, and, perhaps, the accomplishment which gives me the greatest

personal satisfaction, is that the research investigations carried on in the interest of the

work of our committees have continued unabated, in fact, have increased, during this

difficult and critical period. During the past two years, the program of research work
has been expanded in accordance with the policy of more vigorous prosecution of scien-
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tific investigations adopted by the Association of American Railroads several years ago.

The authorized expenditure for 1944 is .^109,050.00, larger by almost $27,000.00, than

the research allotment for any previous year. The total sum may not be impressive to

those who have in mind the vastly greater amounts spent in research by many industries,

but to one who knows and has followed closely the slow but healthy growth of the

work being done under the general guidance of this Association, it means much.

I do not have his permission to say this, but credit for undertaking this work

belongs largely to Mr. Ralph Budd. He suggested the matter, while a member of the

Board of Direction, helped formulate the plan, and was largely instrumental in securing

approval and support by the directors of the Association of American Railroads. I was

a member of the Board of Direction when the work was organized and have been

closely in touch with it as it grew and developed. I know something of the first few

difficult and discouraging years and I congratulate the research engineer and his staff

on what has been accomplished and the place which they have established. I should

greatly regret, and oppose to the limit of my ability, any action which might destroy

or nullify what has been so painstakingly built.

The fact that some of the committee reports include considerable material prepared

by our research staff, in presenting data developed in their investigations, is specific

evidence of the extent to which research work has become an important part of the

work of our committees. However, in this greater application of scientific tests and

studies to the problems assigned to our committees, we must be very careful that we

do not sacrifice the benefits of committee work as carried on in the past. I refer to the

importance of a thorough discussion and exchange of opinions and experiences. As we

give greater attention to the scientific approach, the methods employed and results

obtained in our research work must be weighed and tested in the light of knowledge

gained by hard and practical experience. This can best be done, in fact it can be done,

only, by our committees, now, as in the past.

The granting of larger appropriations for research work by the directors of the

Association of American Railroads is evidence of their knowledge of the extent to which

war traffic has intensified many problems arising in maintenance of way and structures.

The increased wear of rail during this period of much heavier traffic and curtailed rail

tonnage for replacement is being mainfested daily by the increase in rail defects and

failures, including several types of failures that had given Httle concern prior to the war.

These must be studied and prevented, if possible.

The investigation of impact effect on bridges is steadily increasing the fund of

knowledge which the bridge engineer has available when called upon to pass on the

capacity of old structures to carry the increased loads imposed ; and the technique and

equipment employed in this investigation are applied frequently in the study of individual

critical structures.

The urgent need of equipment, that is, motive power and cars, has been frequently

and repeatedly stressed. Much has been said about this need by various associations

and governmental bodies. It is frequently discussed in the public press. We know it is

important, but those of us, who are closely in touch with the problems of maintaining

track and structures, who know so well the critical situation in both man power and

material, realize, as no one else can, how narrow the margin sometimes is. We fear that

the ability of the railroads to continue to meet the increasing demands of the future

will depend more on track and structures than on locomotives and cars. We know that

we must take advantage of and use every means and method to make the most of what

we have and must do what we can, as opportunity presents itself, to make known
our needs.
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Relation Between Track and Equipment

This is not the time or place for a discussion of individual research projects, but

I wish to refer briefly to the joint investigation of the relation between track and

equipment being carried on by the research staffs of the two divisions, Engineering and

Mechanical, under the general supervision of a joint committee of the two divisions.

The primary item on the program of this project is the study of locomotive counter-

balance, which involved the measurement of rail stresses and the recording of locomotive

vibration in 843 test runs of IS different locomotives on a section of Chicago & North

Western track near Harvard, 111. The analysis of the enormous mass of data acquired

is now progressing and it is hoped that the report on this study will be completed

during the present year. Other phases of this project, including the study of riding

qualities of high speed trains, with variations of track, gage, and contours of rails and

wheels, must await more favorable opportunities for making test runs.

Entirely aside from the technical elements of this program or of the benefits which

the railroads will derive from this study, I mention it, since it illustrates so aptly the

fine cooperation maintained in the study of a problem of vital mutual interest, carried

on under the direction of engineers responsible to the general committees of the two

divisions (Engineering and Mechanical) independently, yet in perfect harmony, as it

must be, if the excellent results so far obtained are to be continued.

The financial condition of the Association continues to be satisfactory and in mem-
bership we are just about holding our own. The secretary will report to you fully on

this and I shall comment only briefly. During the year just ending, income exceeded

expenses by nearly $5,000 and our reserve has been increased by that amount. While it is

the policy of the Board of Direction to maintain a balanced budget, it is not the desire

to greatly increase the reserve. This is not thought to be necessary and it is believed

that we should spend wisely to continue the high standards so long established. The

substantial excess accruing this past year is explained largely by reduction in printing,

due to a decline in the volume of committee reports. The reason for this decline has

been stated but it is not desirable that it be long continued.

Our membership at present is 1,Q62, three less than a year ago. I regret to report

the loss by death of forty-three valued members during the year, among them being

H. R. Safford, past president, E. H. Fritch, retired secretary, and R. N. Begien, Frank

Ringer and J. G. Brennan, former directors. We have a record of one hundred members

in military service. Possibly the actual number is larger, owing to the uncertain manner

in which reports come to us.

The reasons for the failure of our junior membership to increase, as we had hoped

it would, are well understood. It is believed that when conditions are again more normal

this can be corrected and it is the intention to work to that end.

The Future

It would be unwise and unfortunate, for us as individuals and as an association,

to give thought only to what has been accomplished. We must also look to the future.

We cannot foresee the exact pattern of things to come. That has not yet been planned

on the drafting board; the blue print has not been made. We know that there will be

changes, probably means and methods that have answered in the past will not serve in

the future, and while the war is not yet won, though no energy must be diverted from,

and no effort spared to that end, yet it is well to think ahead. The days and years to

come will be challenging, they will call for the best we have to give. This meeting

I am sure will help us to meet that demand also.
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Fine as is the record of the past and proud as we are of it, we are here today not

to recount what has been done or to glory in it, but to see more clearly the tasks that

lie ahead and learn how we can do them better, then go back to our respective places

and carry on with fresh enthusiasm and new courage. (Applause)

President Clarke: The next order of business is the report of the secretary and the

treasurer. I will ask Mr. Lacher, the secretary, to present these reports.

Secretary's Statement

Secretary W. S. Lacher: The reports of the secretary and treasurer have been pub-

lished in the Year Book. Perhaps some of you have read them. I will not read them

now, but will merely tell you what they contain and trust that you may find something

of interest.

The matter of finance has already been mentioned by your president. The receipts

of the Association during the year 1943 were $28,735. The disbursements totaled $23,808,

leaving net revenues of $4,927. That is larger than it should be. It is considerably larger

than we expected. But, as your president explained, it is due in part to the fact that

the reports of committees were less voluminous, so our printing bill was smaller. In addi-

tion to that is the fact that the sale of the publications, particularly of the Manual and

the Trackwork Plans continued on an augmented basis; at a considerably higher rate

than it has been in normal years, and more than we had expected.

Incidentally, there is some discussion, a paragraph or two, in the report of the

secretary on the matter of budgeting for an association such as this. It points out that

budgetary control is not as readily provided as it is in other types of activity. The

best we can do is to hope that the money will be spent wisely, and, if for some reasons

the activities are less, we run into these balances that are larger than they should be.

In the matter of membership, you have already been told by the president that we
showed a net loss of three members. However, that was as of the date that the report

was sent to the printer. I am pleased to tell you that yesterday, at the meeting of the

Board of Direction, the applications of 22 additional members were approved, so that

if a comparison as between this date and a year previously were made now, it would

show a considerably different result than it did at the time that I wrote the report.

The report also deals at some length with the publications, and, as I said before,

the distinctive feature is the sustained high volume of sales. We had anticipated a year

ago that with the completion of war industrial plants, camps, naval bases and the like,

the demand for Manuals and Trackwork Plans would be less. But we still have a

sustained volume of sales, much in excess of what it has been in normal years. I think

that speaks very highly of the standing of our publications generally.

Your president has mentioned the research work, the progress that has been made,

and the increase in the volume of research that has been carried on. In the latter part

of the secretary's report, I have attempted to set out in a few words some of the salient

features of that progress, so that in a page or two you can get the picture of what was

done, not only statistically, from the standpoint of the expenditures from year to year,

but also as to the scope of the work being carried on.

I also want to mention one other phase of my work, something that is not directly

a part of the AREA activities. I refer to the secretaryship of the Engineering Division.

Many changes have taken place in that picture in the last two or three years. Many
more questions are being asked and my job, as I see it, has been to find somebody who
could answer them. As a result, I have had to call on a great many members of this
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Association regarding matters that have undoubtedly taken a great deal of their time.

Realizing, as I do, with what a job these men arc confronted on their own railroads,

I feel that I should take this opportunity to express my sincere appreciation for the help

that I have received. I know that in many cases I was imposing on men who already

had all that they could do.

I also want to express my appreciation of the loyal support that I have received

from the members of my staff, and when I say that I know you will understand that

it is really loyalty to your Association. (Applause)

President Clarke: This Association, as you know, functions also as the Construction

and Maintenance Section of the Association of American Railroads and in that capacity

reports to the vice-president. Operations and Maintenance Department of that Association.

During the past two years it has been most helpful to be able to consult with one

who knows so well the problems confronting us. It has been a pleasure to carry out

his instructions.

When Mr. Buford found he could not be here today, on account of illness, he

promptly designated a representative. We are very fortunate to have with us this

morning a man who served with distinction for several years as vice-president of the

Association of American Railroads and who today is making another record as an

outstanding railroad executive—Mr. J. M. Symes, vice-president, Western Region, Penn-

sylvania Railroad. The subject of his address is appropriate and challenging, "The Task

Before Us." (Applause)

The Task That Lies Before Us

By J. M. Symes

Vice-President, Western Region, Pennsylvania Railroad, Chicago

It is a pleasure for me to appear before the 44th Annual Convention of the AREA.
I did so in 1937, and again in 1938, when I was associated with the AAR. Today I am
more or less pinch-hitting for Charlie Buford—the fellow who sells your activities to

the Board of Directors of the AAR so that you can obtain funds to carry on your

valuable work.

I have been asked to address the convention, not as an engineer, which I could not

do anyway, because I am not an engineer, but probably because as an operating officer

I must necessarily place a lot of orders with the engineering department. I think the

engineering department with which I am associated would tell you there has been no

depression insofar as placing orders is concerned. The engineers would probably also tell

you the price we wanted to pay was entirely inadequate for the work wanted, and that

the delivery dates on the purchases have been somewhat unreasonable. However, that is

why we have engineers on the railroads. They usually come through with what the

operating man wants done, and that is why they are good engineers. If they had more

money than was required and all the time they wanted in which to do a job, it would

take the talent and romance out of railroad engineering.

The railroads have been laying up some remarkable operating records during the

past several years, and they are generally thought of in terms of movable facilities, with

perhaps too little emphasis on permanent way and structures. To illustrate this I would

like to discuss briefly my personal operating experience during the past few years in

the territory directly under my jurisdiction, which is generally that part of the Penn-

sylvania Railroad west of Columbus and Crestline, Ohio. I think my experience has ap-

plied generally to many railroads throughout the country, and probably will apply to

many others as the war load continues and the flow of traffic changes.
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Marked Increase in. Traffic

In 1939 our freight business as expressed in gross ton miles, was 75 percent of what

it was in 1929. Our passenger business as expressed in passengers carried one mile, was

83 percent of 1929. We had plenty of facilities, plenty of engines, plenty of cars, and

plenty of men to handle this volume of traffic. In fact, there was no semblance of a

major operating problem, that is, insofar as handling the business was concerned. It was

more a financial problem, trying to make ends meet. In 1940 freight business increased

10 percent over 1939; passenger business 11 percent. The volume was still much under

that of 1929, and still we had no operating problems. We had plenty of everything we

needed—except traffic and revenue. In 1941 freight business increased 30 percent over

1940, passenger business 28 percent. We were then considerably ahead of the 1929

volume, with no sign of the traffic levelling off; in fact, it was increasing with greater

intensity than ever before.

It was time to begin some quick planning in order to handle this increased load,

not only from the standpoint of equipment, but, more important, from the standpoint

of way and structures, so that we could obtain the maximum use of the equipment we

had. Our problem was twofold: First, to obtain the necessary additional facilities quickly

to move the anticipated heavy volume of traffic caused by the war, and second, to try

to make those facilities fit in with fast and economical transportation for a lesser volume

of traffic after the war.

That then, in 1941, is when the engineering department really came into play. They

were told of the operating problems confronting us, and what the operating department

not only needed but had to have in the way of additional facilities to "Keep 'em

Rollin'." An analysis of the conditions confronting us was a very simple task. We knew

there was occurring a complete change in traffic flow as a result of the war effort

—

concentration of more and more freight and passenger business on our main Hnes, with

relatively slight increases and in some jcases decreases, on some of our side line divisions.

Had it been possible to spread the increased load uniformly over all of our Hnes in about

the same ratio as it was moving in 1929, there would have been no real problem insofar

as facihties were concerned. Our immediate job, therefore, was to increase the capacity

of our main lines between Crestline and Chicago, a distance of 300 miles, and between

Columbus and St. Louis a distance of 430 miles.

Make Needed Improvements

We began major improvement programs on these main line divisions a little over

two years ago, and the engineering department had quite a number of new work projects

going on at the same time. Our program consisted of terminal improvements at Crestline,

Fort Wayne, Chicago, Columbus, and Indianapolis, and road improvements in the way

of additional sidings, lengthening of existing sidings, installations of centralized traffic

control, reverse signaling, construction of second main track, power operation of siding

switches, and additional water and coaling facilities. All told, on these two main lines

we constructed 27 miles of second main track in three locations, reverse signaled four

stretches of double track, provided four centralized traffic control installations, con-

structed or extended 34 passing sidings, provided power operation at 83 siding switches,

provided additional water facilities at IS locations, provided additional or supplemental

coahng facilities at 8 locations, and additional and better communication facilities.

During 1943 we handled 40 percent more freight business than in 1929, and 325

percent more passenger business. These figures do not portray the real picture, because

on these main lines I speak of, the 1943 freight business exceeded 1929 by 57 percent
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between Crestline and Chicago, by 90 percent between Indianapolis and St. Louis and

by 100 percent between Columbus and Indianapolis. In January and February of this

year we have already exceeded last year by 25 percent, and are doing it with approxi-

mately 20 percent greater efficiency than a year ago, and 36 percent greater efficiency

than in 1929—the relative efficiency being based on transportation productivity or gross

ton miles per train hour.

The Engineering Department's Job

I know you are not particularly interested in what the Pennsylvania Railroad has

done to meet its increased traffic movement. I have briefly referred to our program only

to show that the engineering department is the department we had to call upon when

we saw operating troubles ahead—they built us out of our troubles—and they are the

ones who will have to build us up to meet our post-war competition and keep us in

the railroad business—now proven to be the backbone of the transportation industry

in this country.

And now as to the post-war situation confronting the railroads ... I am not a post-

war prophet. I am afraid to be one, because I know some of them are going to feel

very foolish when they read their predictions several years hence. I do not mean that

we should not be planning for the future; we should always be doing that, war or no

war. We are going to have to be very careful in our post-war planning to adopt the

worthwhile things and discard the others. I do not know why it is, but many of the

prophets like to prophesy on the railroad situation. Many of them will come forward

with "crack-pot" ideas as "cure-alls" for the railroad industry. They have been doing

it for years. To answer all of these prophets, and they have to be answered, is going

to waste a lot of your time and mine after the war is over.

You will remember not so very long ago, that one of the "cure-alls" for the railroad

industry was coordination. It was going to save the railroads. It was advocated by

many of the real thinkers both within and without the railroad industry. I was not

wholly lily-white in connection with some of this thinking. It was in the air. It was

proposed to coordinate many of the railroad terminals, shops, and stations, particularly

in large areas, so that the excess could be scrapped. We were considering the adoption

of a car pool, although we really had a good workable car pool in effect at the time,

but the new one was going to outdo the old one, as new things always do. It was going

to produce savings in empty car mileage and the scrapping of hundreds of thousands of

freight cars. In fact, we had just about reached the point where the proponents of

coordination were claiming annual savings very close to the entire operating expenses

of all railroads. My only comment in connection with coordination is that we can all

be thankful that the practical operating man was able to point out the disadvantages

to a much greater extent than the proponets could point out the advantages. I do not

make that statement to ridicule the past proponents of coordination. I make it to

illustrate the necessity for sound thinking in post-war planning—so that we shall not

move off too quickly in trying to do something, when really there is nothing to be done.

Must Furnish Good Service

Regardless of what post-war conditions will be, we do know this, that the railroads

will be required to furnish the fastest, most dependable, economical, and safest trans-

portation service they have ever performed. We need not consider, as perhaps we have

done in the past, how to meet our competitor, because our problem will be to do the

very best that can be done regardless of competition. You gentlemen, as engineers, are

going to be called upon to furnish many of the new tools with which the operating
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and traffic men must work. I think if you furnish the facilities, and the mechanical men
the equipment, the operating department will furnish the service so that the traffic men
can get the business. If we coordinate these four departments of the railroad industry,

and have a sound national policy based upon equity to all forms of transportation with

special favors to none, then the successful future of the railroads will be assured.

You might properly ask what kind of facilities I am expecting the engineer to

bring forth to provide this fast, safe, dependable, low-cost transportation service. Most
of you remember what took place after the first World War, particularly in the six-year

period from 1923 to 1929. Billions of dollars were wisely expended in facilities, reduction

in grades, elimination of curvatures, modern signal devices, improved terminals, better

track structure, and things of that sort. We are going to have to adopt another program

to rehabilitate and modernize our plant somewhat along the same lines following this

war—taking advantage of the modern improvements developed during the war and

those that will be developed in the future. In other words, our engineering thinking

will have to be just as modern as the service we shall have to provide after the war.

Need for Young Engineers

Again looking to the future ... to me one of the most important problems con-

fronting the railroad industry is the induction into railroad service of promising young
men—not necessarily college men—but those who really want to make railroading their

life's work. This is more important in the engineering field than any other branch of

railroading. I think it is the general belief, including that of many of our colleges, that

the opportunities for the engineer are perhaps greater in other industrial fields. This is

not entirely so. Perhaps the number of good jobs in the engineering department, as

compared with the total number of engineers employed, are relatively fewer than in

some other industry, but I am sure if you take the entire railroad field of official

positions, you will find opportunities equal to or exceeding those in other lines of

endeavor. These other jobs are available to the engineer to a greater extent than to

any other class of railroad employee. The limit of opportunities is controlled only to

the extent that the individual makes it so. The job of protecting the future of the rail-

roads with adequate engineering talent is again one that rests with you gentlemen. This

is not only an immediate problem, but a long range one that requires attention now,

so that we shall be protected 20 years from now.

In closing I want to say this—I have not tried to cover a broad field in my dis-

cussion this morning. All that I have said could be said in one sentence. It is simply

this—the future of the railroad industry will be dependent to a large extent on the

engineering of the future, and the engineering of the future will depend entirely on the

kind of engineers we attract to the industry. That one sentence outlines a tremendous

responsibility on your part. I have all the confidence in the world in railroad engineers,

and I know they fully appreciate their obligations to the industry in modern post-

war planning and in protection for the future. (Applause)

President Clarke: Mr. Symes has stated more clearly than I could, and more

emphatically than I would have dared to do, the problems that are ahead of us. What

he has said challenges us as engineering officers. Our job as railroad engineers is to serve

the operating department.

The note of optimism, the brief outline of what may be expected in the future,

highlighted by what has been done in the immediate past, is cheering.

Mr. Symes, on behalf of the Association, I thank you for the splendid, challenging,

thought-provoking and encouraging words which you have brought to us.
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Labor—Our Number 1 Problem

One of the outstanding features o) the annual meeting was the discussion

of the current shortage of labor and measures that can be taken to increase the

supply. This feature of the program occupied the entire session on Tuesday

afternoon, March 14, beginning with the presentation of the report of the Com-

mittee on Economics of Railway Labor and concluding with the submission of

the report of the Committee on Maintenance of Way Work Equipment. Also

included were: An address on the Over-All Picture, by H. L. Carter, director,

Bureau of Employment and Claims, Railroad Retirement Board, and addresses

by T. A. Blair, assistant chief engineer syslept, Atchison, Topeka & Santa Fe

Railway, and W. G. Powrie, engineer maintenance of way, Chicago, Milwaukee,

St. Paul & Pacific Railroad, on two expedients that have been tried, namely,

the employment of Mexican nationals and the recruiting of high school boys.

President Clarke: If you looked over the program, I am sure you did, you noticed

that the afternoon session carries the general heading, "Labor—Our Number 1 Problem."

And how well we realize that! Labor is a problem in all industry. Today it is a problem

in our industry, the railroad industry, and in all departments of that industry, regardless

of conditions or rates of pay. Perhaps it is most acute in the department in which we

are most directly interested, engineering and maintenance of way.

Our program this afternoon gets under way with a report from one of our com-

mittees which has long been doing an outstanding piece of work, and which I think

has never done a better job than it has this year—the Committee on Economics of

Railway Labor. (The transcript of the remarks made in the presentation of this report

will be found on page 606 in the "Discussion".)

As labor is the most critical thing we face today, it seemed to us that we should go

to the source where we thought we might obtain the most authoritative information,

that is to the Bureau of Employment and Claims, Railroad Retirement Board, which

has done a splendid job in assisting us to meet and, to some extent, solve this problem.

Mr. H. L. Carter, the director of that bureau, was to address us. He had his manu-

script prepared and, until Saturday, expected to be here. As indicative of the difficulties

that are sometimes encountered, particularly in such times as these, of the numerous

and unexpected changes that are being made to meet the exigencies of the occasion,

Mr. Carter is not with us. He is in Mexico, having been called there on a very important

matter. If his being in Mexico will be more helpful in securing additional laborers for us

than his being here, then he is exactly where he ought to be, and, much as I regret

his absence, I am glad he is in Mexico.

The first speaker, appearing for Mr. Carter in his unavoidable absence and presenting

the address he had prepared, will be Mr. Donald Smith, Mr. Carter's right-hand man,

assistant director, Bureau of Employment and Claims, Railroad Retirement Board.

Mr. Smith! (Applause)

Donald Smith: Mr. Carter regrets very much not being able to be here this after-

noon but, as the president pointed out, he is down there in Mexico doing a job for you

and we hope that he will return with the job well done.
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The Over-All Picture

By H. L. Carter

Director, Bureau of Employment and Claims, Railroad Retirement Board, Chicago

Railroad manpower problems constitute a major responsibility of the Railroad

Retirement Board. The board has operated an employment service since October 1939

pursuant to authority given by Congress in the Railroad Unemployment Insurance Act

and is now, with respect to its employment service activities, a coordinated agency of

the War Manpower Commission in accordance with Executive Order 1939. The board's

employment service performs for the railroad industry the government employment

functions which are performed for other industries by the United States Employment

Service.

In April 1943 the WMC recognized the board as the government agency responsible

for recruitment of railroad manpower by issuing WMC Field Service Memorandum
No. 6 in which it specified that the board is authorized to receive all employer orders

placed with government employment agencies for railroad personnel. In August of

last year the WMC issued Operating Instruction—Field No. 20 which brought the rail-

road industry under the WMC stabilization program and also delegated to the Railroad

Retirement Board the responsibility for stabilizing employment within the industry in

accordance with the WMC stabilization program. The board was authorized to issue

statements of availability and to refer to railroad jobs all persons last employed in the

railroad industry and certain other persons whose last employment was outside the

railroad industry. The board has thus become the government agency primarily

responsible for both the recruitment and stabilization of railroad manpower.

Cooperation of All Interested Parties

In carrying out these responsibilities the board needs full cooperation of railroad

management, organized labor and all interested government agencies. Cooperation of

labor and management is not taken for granted by the board and efforts being made to

obtain the advice and counsel of both parties are meeting with considerable success.

With the other government agencies, cooperative arrangements have generally succeeded

only to the extent to which the distinctive character of the railroad industry is recognized

—its nation-wide and widely dispersed employment and its all-embracing network of

labor agreements.

Importance of Stabilization of Employment

At the moment the cooperative efforts of all interested parties should be turned

toward the stabilization of employment. Nearly enough employees have been hired by

the railroads during the past two years to man the entire industry. Specifically, in the

maintenance of way department it is estimated that almost as many employees were

hired in the calendar year 1943 as were employed in the peak month of September 1943.

As the report of your committee of labor supply indicates the continual turnover which

is evidenced by these figures has kept the maintenance of way gangs "in such a chronic

state of disorganization that the actual output has been well below the potential output

of a permanent force ..."

To a considerable extent selective service withdrawals account for some of the

serious losses of experienced and qualified railroad employees. According to information

published in the Railway Age selective service took approximately 270,000 railroad
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employees up to the end of 1943. Many of these employees were irreplaceable because

of the months and years of railroad training and experience required for the satisfactory

performance of their duties and the unique nature of their jobs and skills. The future

appears to hold very little prospect for the diminution of selective service withdrawals.

The Association of American Railroads estimates that at least 50,000 more workers will

be lost in the first six months of 1944 and that for 27 Class I railroads 12,776 maintenance

of way employees are scheduled for call by selective service.

In the last analysis, regardless of what may be done nationally to secure special

consideration of the selective service problems of the railroad industry, the problem is

one with which the local boards and state offices can be of help if they are convinced

of the importance of railroad workers to the war effort and their irreplaceability. In this

connection, the board's employment service is in a position to furnish selective service

local boards and state offices with information on the possibilities of obtaining replace-

ments and the importance to the war effort of railroad skill and experience. Railroads

should therefore feel free to call upon the board's employment service for assistance

when requesting deferments and preparing replacement schedules.

The losses of the more highly skilled employees through selective service with-

drawals, as well as their transfer to other industries, could be cut to some extent by the

addition of many more railroad occupations to the so-called national list of critical

occupations. The effect of this listing under WMC Regulation No. 7 is to require all

employees with occupational qualifications for a position on this list to have a referral

by the Railroad Retirement Board employment service or the USES in order to obtain

new employment or to transfer from one job to another. Under instructions to local

selective service boards such a listing would also help management in obtaining and

retaining occupational deferments. The present listing of railroad positions on this list is

incomplete and misleading since many railroad job titles do not appear on it. The board

has made suggestions for the amendment of the national critical list to appropriate

government agencies, but no action has yet been taken.

Transfers to Other Employment

Fully as important as the losses due to selective service are the losses occasioned

by transfers to other employment. Except for those effected for certain reasons such as

personal hardship, the WMC stabilization program is intended to prevent these losses

by requiring, as a condition for obtaining new employment, a statement of availability

or a referral by one of the government employment offices. The program has had its effect

in helping prevent the loss -of skilled and semi-skilled employees but the casual laborers

who have few permanent home or family attachments and customarily move from

job to job at will are still leaving the railroad industry in large numbers to obtain other

employment.

Under the WMC stabilization program the Railroad Retirement Board is responsible

for the issuance of statements of availability to any employee in the railroad industry

who is entitled to a statement of availability, when it is required as a condition for

leaving railroad employment. The board thus has an opportunity in every case in which

an employee is entitled to a statement of availability or referral and his employer has

refused to release him to attempt to make use of the employee's services elsewhere in

the railroad industry by referring him to employmnt on another railroad. This procedure

has enabled the board to retain for the railroad industry the services of thousands of

employees whose services might otherwise have been lost.

The stabilization program of the WMC has a number of loopholes which permit

employees to change employment without control:
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First, transfers may be made to agricultural employment without either a

statement of availability or referral.

Second, employees who have remained out of work in essential activity for

the last 60 days may obtain new employment without a statement of availability

and are entitled to a referral if one is required for new employment; and

Third, any employee who is discharged by his employer is automatically

entitled to a statement of availability or referral.

By interpretation of what constitutes a discharge the WMC has enabled almost

all employees who have seniority rights to obtain a statement of availability or referral.

A discharge has been defined by. the WMC as a refusal of the employer to retain or

re-hire a worker at his job without loss of seniority rights. Since, in the railroad industry,

a voluntary quit or resignation for the most part abrogates a worker's seniority rights,

this definition of discharge makes possible further extensive losses of manpower by

reason of transfer to other employment.

But even if the weaknesses of the program were remedied, the employment stab-

ilization program of the WMC is only at its best a preventative and not a cure. A man
denied a statement of availability or a referral is nonetheless dissatisfied even if he is

required to stay on his job. This makes it all the more important to root out causes

for quits and resignations in an attempt to see what else can be done about them.

Wages

Wages have, of course, been an important factor in causing quits and resignations

and a factor over which management has little or no control at the present time. While

there is little or nothing that railroad management can do about raising the wage rate,

much has been done in other ways to increase the net income of maintenance of way
employees. Some measures which have already been taken are:

1. Reduction of board charges with the railroad company assuming part of

the cost of board.

2. Paying trackmen for the time spent in going to and returning from the

job location.

3. Providing a considerable amount of overtime.

4. Furnishing camp cars, section houses or other housing at no cost to the

employee.

Housing

Of next importance to wages as a cause for leaving railroad employment is housing.

Inadequate housing has made it difficult for us to recruit workers in many sections of

the country for maintenance of way employment and has been a principal reason for

applications for statements of availability at our offices. In an investigation by the board

of the reasons for 245 persons leaving one western railroad during a single week it was

found that over one half of the employees gave reasons for leaving which were directly

or indirectly related to inadequate housing. This seems to be borne out by the report of

those participating in your study for the means for increasing labor supply. They state

that they are deeply impressed "with the need for improved housing and better sanitation

at their labor camps, whether fixed or itinerant."

The board has no authority to provide housing facilities for railroad men, nor to

compel other government agencies having authority over such matters to allocate facil-

ities for railroad men. It has, however, because of the close connection between housing

problems and its ability or inability to recruit workers for the railroads, brought to the
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attention of management the necessity of providing housing accommodations to the

extent practicable.

Where roads arc unable to provide housing for workers, the National Housing

Agency will consider programming limited housing facilities based in part upon a cer-

tification of the Railroad Retirement Board and in part upon its own investigation.

However, as a matter of policy, the National Housing Agency will not allocate housing

for employees in maintenance of way and structures. Therefore, in view of their urgent

need for workers, each road should make every reasonable effort to provide housing for

its employees at points where there are inadequate accommodations.

If management would do no more than follow the recommendations of the Road-

masters' and Maintenance of Way Association, a considerable amount of dissatisfaction

over housing accommodations would be eliminated. These recommendations, you may
recall, were as follows:

1. Quarters must be clean and well ventilated in summer and adequately heated

in winter.

2. All windows and doors must be screened.

3. There must be space for bunks and for evening recreation.

4. Toilet facilities must be sanitary.

5. Showers or other bathing facilities must be provided.

6. Kitchen and dining facilities must be kept clean.

7. Proper refrigeration must be provided.

8. Electric lights should be furnished if possible.

9. Radios should be provided.

Food

Food parallels housing as an important factor in keeping men on the job. In this

connection I can do no better than to refer you again to the excellent report of your

committee on the labor supply. It states "it is probable that in the past no feature of

labor camps has been of more importance in recruiting and holding men than food and

the way it was served." With this statement there can be nothing but whole-hearted

agreement, for it is buttressed by all of the experience in the employment of such special

groups as Mexicans, Indians and women.

Recreational Facilities

In addition to providing more adequate housing and better food, it is suggested

that consideration be given to providing recreational facilities for trackmen. At one time

this would have been an unheard-of idea. At the present time any method by which

employees can be kept on the job cannot be overlooked. Among the facilities which have

proved helpful to some employers in making maintenance of way employment more

attractive are recreational cars furnished with playing cards, checkers, radios, etc. For

high school students, of course baseball equipment, horse shoes, etc. have proven their

value and in this connection it has been found that they were as much of interest to the

older men as they were to the younger ones.

Transportation to and from Work Locations

In addition to improving conditions at the work locations, much can be done to

eliminate dissatisfaction of maintenance of way employees when they are required to

remain at isolated job locations for long periods of time without opportunity to return

home or occasionally visit a nearby town. The remedy is week-end passes to the nearest

town, or when job locations are not too far, daily transportation from town to job
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location and return so that workers may live in town, many of them with their own

families. It has even been worthwhile in connection with a door-to-door pick-up and

delivery service of workers in sparsely settled areas to pay regular wages for the travel

time. Institution of such practice makes it possible to attract many more married men

and permanent residents to maintenance of way work, a class more generally reliable

than the floaters.

FuU-Time Manpower Officials

The most important factors in the stabilization of erAployment have been discussed.

In general, they require a revision in thinking with respect to many practices of long

standing. To bring about these changes some full-time officers should be appointed to

devote their entire time to this stabilization problem. Such officers, like the Spanish-

speaking railroad representatives in charge of the Mexican program on many railroads,

would work closely with the Railroad Retirement Board and wherever possible interview

workers prior to their quitting or their discharge to determine the causes for their

leaving and make whatever adjustments are necessary to transfer workers, improve

housing and food, provide recreational facilities, provide week-end transportation or

transportation home, upgrade employees or bring about a change of attitude on the part

of the supervisor, if that is necessary. The Mexican program, employment of Indians

and women has been a success wherever such measures have been tried and if the same

amount of time and effort is regularly spent on regular work forces it will pay dividends.

Recruitment

Regardless of what is done by the railroads or what assistance is rendered by the

board in preventing losses of manpower and reducing turnover, it will continue to be

necessary to recruit large numbers of workers for the railroads. Recruitment of man-

power is no longer simply a matter of hiring employees who apply to hiring officers.

The available manpower pool is shrinking in size and thinning out. Positive, strenuous

and ingenious efforts of soliciting manpower are required and, in addition, some knowledge

and familiarity with the governmental manpower controls.

War Manpower Commission Controls

The WMC has set up administrative machinery for the budgeting of labor in areas

in which labor shortages are acute. It is done through the means of priority committees

which control the activity of the Railroad Retirement Board employment service and

all employers in their recruitment of new employees. In those areas the priority system

is usually made applicable to recruitment by employers by permitting employers to hire

workers for certain occupations or for all occupations only upon referral by and in

accordance with arrangements made with the government employment offices. Some
system of labor priorities, even though not always formalized by providing a priorities

committee and priority ratings, is expected to be set up in each of the areas in which

the manpower shortage is most acute. These are the areas classified by the WMC as

Group I and Group II areas, of which there were up to the last count, 182.

WMC Field Instruction No. 4 provides that a priorities committee shall consist

of a representative of various government agencies. The ODT has so far represented the

railroad industry on these committees and the Railroad Retirement Board makes its

needs known through this representative of the ODT.

The lack of proper priorities for railroad employers can seriously interfere with the

abihty of the railroads and the board to secure new employees for the industry and its

effect has already been noticeable. It has been suggested by the board that the railroad
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industry should be given the top priority rating, nationally and locally, in view of the

fact that so few employees are interested in railroad employment because of the unfavor-

able wages, hours, and working conditions, nothing less than the top priority will be

of much help.

Migration Controls

The railroad industry has been greatly handicapped by the limitations placed by

the WMC on the recruitment of labor in one locality for work in another. Under WMC
Operating Instruction Field No. 20, "in any case in which the Railroad Retirement Board

recruits a worker in one locality lor work in a different locality, referral by, or the

consent of, United States Employment Service" must be obtained in the locality of

recruitment. Under this authority, the USES has prevented the board from moving

employees out of many areas in the country.

The reasons advanced for the control of labor migration in other industries do not

have the same force and applicability in the railroad industry. Wages, hours of work

and living conditions in the railroad industry are not such as to provide an inducement

for any large number of employees to move from their present place of employment,

and for the most part railroads are providing housing and other living accommodations

where none are available. In other industries, wages are of considerable inducement to

migration and to some extent the plants can be relocated in the towns and cities where

labor is available.

Industry Stabilization Plan

The manpower controls described are generally made effective through the local

WMC stabilization plans, of which there are now some 257, most of them adopted

prior to effective representation of the industry on the joint management-labor com-

mittees adopting and approving them. Each plan has variations of its own; no two of

them are identical in every respect. The duties and responsibilities of management and

labor differ under the various plans and the interpretation of some of the standard

features of each of them vary. Scant recognition is given to the need for uniformity in

plans affecting a nation-wide industry, single units of which may be subject to as many

as 28 plans.

The Railroad Retirement Board has attempted to obtain some degree of uniformity

by standardizing its operating procedures so far as it is possible to do so within the

basic quilted pattern of the various local plans. For example, while the USES has used

about 10 different forms for its statements of availability, the board has been able,

with the permission of the WMC, to adopt one standard form for use in the railroad

industry. But such uniformity can generally be accomplished only for the less essential

elements of employment stabilization and does not affect the variety of basic principles.

What is needed is a single nation-wide employment stabilization plan for the industry

which would be uniform in its basic principles and which would be uniformly admin-

istered, interpreted, and applied in all sections of the country. The experience of the

board shows that such a plan, which should be framed by the concerned efforts of

railroad management and labor, is necessary for effective employment stabilization in

the industry.

The special needs of the railroads, because of their distinctive nation-wide character

and their all-embracing labor agreements have been recognized time and time again in

other legislation, namely, in the two acts administered by the board, the Railroad

Unemployment Insurance Act and the Railroad Retirement Act; the Railway Labor

Act; the Fair Labor Standards Act; the War Powers Act; and others. The need for a
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separate employment stabilization plan is not one whit less than the need for other

separate legislation.

It is against this background of governmental manpower controls that recruitment

will have to be conducted. The board's offices can be of considerable help in avoiding

some of the pitfalls of these controls if recruitment by employers is done through the

board's offices. Use of the board's facilities will benefit the industry through the schedul-

ing of recruitment in areas served by more than one railroad so as to avoid the

competitive practices that sometimes result in the roads paying the highest wages getting

all the men.

The board's facilities can also be of help specifically in the following ways:

1. Advertising and Publicity

The board has distributed over 900,000 copies of advertising material, and has

engaged extensively in newspaper advertising. In practically all areas of the country

newspaper advertising for help is required to be cleared by the Railroad Retirement

Board under WMC regulations. Cooperation with the board in its advertising program

by using the office address of the Railroad Retirement Board has been found not only

to bring in more men but to simplify the clearance of men under the manpower controls

and reach a larger audience.

2. Students

In accordance with arrangements being made by the board with school authorities

to interest them in the educational, healthful and recreational advantages of track work,

it may be possible to obtain larger numbers of workers for summer employment than

would otherwise be possible. Special advertising material of interest to students and

school authorities is being prepared by the board for distribution throughout public and

private schools within the next few weeks.

3. Veterans

The board now maintains close contact with veteran reemployment facilities, army

discharge centers, newspapers and the American Legion in an attempt to interest as

many veterans as possible in railroad employment. Many of these veterans may be

secured for maintenance of way work.

By executive order, the President has set up in the Office of War Mobilization

a retraining and reemployment administration. This administration is headed by an

administrator who will be assisted by a policy board composed of representatives of

several government agencies who will develop programs and have general supervision and

direction over government agencies relating to the training and reemployment of persons

discharged or released from the armed services or other war work. The Railroad Retire-

ment Board is not represented at present, but it is provided that the policy board shall

invite representatives of other government agencies to participate in its deliberations when

matters affecting them are under consideration, and it is hoped that Board representation

on this policy board may be obtained.

4. Agricultural Workers

The board has addressed over 120,000 cards to box holders on rural routes and,

in addition, extensive efforts have been made by our representatives in regions where

agriculture is the basic industry to obtain agricultural workers for the railroad industry

during their between-season periods. With the establishment of the WMC employment

stabilization program, and Selective Service draft deferments for agricultural workers,

certain complications have arisen which make it more difficult for such workers to be
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hired directly by section foremen and other supervisory officials on the railroads. The

Railroad Retirement Board can help overcome such complications and make it possible

for them to accept work with the railroads and at the same time preserve their deferred

draft classification, as well as comply with the War Manpower Commission stabihzation

program.

5. Service Personnel

Arrangements have been made by the board, on occasion, to obtain members of the

armed forces for emergency railroad work. However, since present military regulations

permit their release for outside employment only in emergencies, members of the armed

forces cannot be considered as a potential supply of maintenance of way labor.

6. Transfers of Surplus Labor to Shortage Areas

Recognizing the fact that in certain areas of the country supplies of surplus labor

are normally greater than in other areas, and also that because of unusual circumstances

such supplies may develop any place in the country, the Board has evolved methods

whereby such supplies can be quickly made known and utilized in shortage areas. As

evidence of the effectiveness of the Board's service in moving individuals from one area

to another the records show that during the six months' period, June 1 to November 30,

1943, 10,787 interregional placements were made.

7. Recruitment at Off-Line Locations

Many railroads are now furnishing off-line transportation from practically any

location in the country where workers may be found with excellent results. In order

for recruitment at off-line locations to be most successful, it is necessary that a representa-

tive of the railroad be present at the point of recruitment in order that hiring can be

conducted on the spot, definite arrangements for transportation made, and supervision

provided to the job location. In the absence of this arrangement, it is essential that some

arrangement be made whereby the board's representative can obtain transportation for

recruits from point of recruitment to the job location. This is accomplished in some

instances by advance arrangements with station agents to furnish transportation upon

presentation of a referral card from the board, and in some instances when busses or

trucks must be used railroad companies have provided means with which to purchase

transportation.

8. War Prisoners

Considerable interest has been taken in the employment of war prisoners, par-

ticularly on maintenance of way work. It is my opinion that it will be impossible to

obtain the use of war prisoners the labor-management policy committee of the WMC
has not yet approved the request of a single railroad for the use of prisoners of war

and they are not likely to do so as long as the labor organizations are opposed to their

employment and as long as there is a question regarding the possibility of safety

precautions.

9. Mexicans

The present ceiling for Mexican nationals employed in this country is now 40,000,

of which there are 18,348 now in service in this country. It is expected that at least

by the middle of May enough additional Mexicans will have been brought into the

country to reach the ceiling of 40,000. The WMC is now acting upon the requests for

Mexicans and it is expected that within the next few weeks each of the individual

railroads will know how many Mexicans they will be allocated.
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10. Puerto Ricans and Jamaicans

Experience has shown that Puerto Ricans and Jamaicans are not as useful workers

as Mexicans and railroad labor much prefers to have Mexican nationals imported. There

has been some discussion of the importation of Puerto Ricans for maintenance of way

work but as yet none has been brought into the country and none is expected for

railroad work.

11. Indians

Experience in the employment of Indians has been successful wherever special

thought and study has been given to their working and living conditions. The board

has access to a supply of these Indians and when the proper arrangements can be made

for their use, consideration should be given to their employment.

The special consideration outlined above with respect to the use of various special

groups points to the need of a greater centralization of both employment facilities and

personnel control. It has been found that wherever centralized hiring faciUties have been

established at a given point, the procedure has not only eliminated many of the delays

in putting men to work but has also prevented the loss of manpower since each appli-

cant's qualifications can be considered for all jobs available rather than for those in

one department only. Centralized control or supervision of personnel for an entire system

makes for uniform hiring practices, for efficient and immediate transfer of men between

divisions and for better overall planning of the manpower program.

Vice-President Miller (in the chair) : Thank you, Mr. Smith. Wc arc very much

indebted to you.

Among the expedients which have been tried in efforts to augment the supply of

labor, and which has met with considerable success in some quarters is the employment

of Mexican nationals, through an understanding arrived at between our own federal

government and the national government of our neighbor to the south.

As railroads traversing the southwestern states have always employed natives of

Mexico, or men of Mexican extraction, it was but natural that the Atchison, Topcka &

Santa Fe should be one of the first railroads to adopt the plan now in effect.

Mr. T. A. Blair, assistant chief engineer system of the Santa Fe Railway, has kindly

consented to tell us of his road's experience with this expedient. We will now hear

from Mr. Blair.

Mexican Nationals

By T. A. Blair

Assistant Chief Engineer System, Atchison, Topeka & Santa Fe Railway. Chicago

Railroads in the southwest pass through a sparsely settled territory, and for many

years it has been a custom with these railroads to import Mexican nationals for extra

gang work. Mexico is the logical source for these workers because of the similarity in

climatic conditions, and because there are a large number of native Mexicans in the

southwest. The railroads are familiar with this type of labor, and the Mexican nationals

have the benefit of the knowledge that they will associate with native Mexicans in their

new place of employment.

In general, Mexicans are not large in stature and individually do not have the

potential strength of some of the labor that we have used on track gangs. The Mexican

is a willing worker and he likes to work as a member of an organized gang. He is
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intensely interested in mechanized equipment; let one of them handle an air tamper and

he will insist on staying with it.

Some of the Mexicans come from cities, and some have been office workers. These

men present the same difficulties to the foremen as do corresponding workers from our

own country. They are soft and do not know how to use hand tools; they have to

develop their muscles on the job and have to be instructed by demonstration how to

handle themselves and their tools.

Only in rare instances have we received a man with previous track experience;

generally they have to be instructed in the rudiments of track work. If this is done by

actual demonstration of the operation, you will find them quick to learn and they will

endeavor to follow the demonstration to the smallest detail. Obviously this requires

patience on the part of the foremen ; it will be a week before he can expect to approach

the normal footage of output for a day's work.

The Problem of Language

On the Santa Fe, we have no problem in interpreting the English language to the

Mexicans. Throughout the southwest we work native Mexicans, and many of our fore-

men come from this source. Most of our foremen speak enough Mexican to make their

orders clearly understood, and Mexican nationals, through contact with our native

Mexicans, soon learn enough English to understand orders.

In territory other than the southwest where these conditions do not prevail, it will

be necessary that each gang be provided with an interpreter. Americans with a knowledge

of Spanish will be helpful, but they will find that the Mexicans have many idioms not

known to the average student of Spanish. This situation can best be handled by securing

with your Mexican nationals, enough men who speak English to provide interpreters

for each gang. Your foremen would undoubtedly endeavor to secure a working knowl-

edge of the Mexican language applicable to track work, but it has been my experience

that the Mexicans will learn the limited amount of English necessary, long before the

American will learn a corresponding amount of Mexican.

Allocation of the Mexican nationals is of course made by the Manpower Com-
mission. After this allocation, and the designation of the men at Mexico City, they have

to date been generally transported to the border in Mexican railroad equipment. During

these movements the Santa Fe has kept a man in Mexico City to arrange for and

expedite the movement of the men. Our men are received at El Paso, and are transported

in our own equipment to the point where they are to be used. The railroad pays the

fare of the employee in Mexico, and pays for his food; it also arranges for his food

on the trip on our own railroad.

Housing Requirements

Extra gangs are housed in bunk cars, these being the usual converted box car. These

cars are of course gone over to be sure they are weather tight and not leaking, and

immediately before the receipt of the Mexicans the cars are fumigated. Eight to twelve

bunks are placed in each car, dependent on its size. Double bunks are in general use,

and so far as possible steel bunks that we had on hand before the present emergency,

are used; otherwise wooden bunks are constructed in the cars. Straw ticks and straw are

furnished the men by the company. Each bunk car is furnished with kerosene lamps,

a heating stove and coal. A wash bench, with a bucket and wash basin, is also furnished.

The boarding outfit usually consists of a cook car, with two large ranges, an ice

box, etc., with a dining car coupled to each end of the cook car. The usual boarding

outfit has a capacity to seat about 120 men. There is also a commissary car carrying
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the usual run of supplies, with some work, clothes. In general, the Mexicans require

small sizes of shoes that are sometimes difficult to get.

Portable toilets are furnished for each bunk car.

A shower car is provided for each gang. This car has in one end six to eight stalls

with shower heads, with overhead tanks for hot and cold water. Water is heated with a

kerosene water heater. The water is pumped to the overhead tanks from the extra

gang water car by a small gasoline driven centrifugal pump or by a hand force pump.

The opposite end of the shower car is equipped with dressing benches and two tubs for

washing clothes.

We use Mexican nationals on our sections as well as on extra gangs. When employed

on the sections, they are housed in our section bunk houses and purchase groceries

from local dealers. We are also using some Mexican nationals as shop laborers, and

they are housed and fed under similar conditions. To date, we have not used any

Mexican nationals in our bridge and building department.

The usual sanitary regulations are complied with at all camps, and these camps will

be periodically inspected by a Mexican consular representative.

Board for extra gangs is furnished by a contractor at the rates established for our

regular extra gang laborers. The contractor is familiar with the Mexican diet, and fur-

nishes food conforming as nearly as possible to it. Mexican food is in general more

highly seasoned than American, and Mexicans are used to special foods which may be

strange to maintenance men other than in the southwest. Provision should be made for

cooks who appreciate their wants.

Should Be Paid in Cash

Except for Railroad Retirement deductions, and 10 percent held by the Mexican

government for the worker, his wages are paid in cash. On pay day he wants time to

exchange his money to pesos and forward it to Mexico. On pay day on the Santa Fe,

the Mexican nationals congregate with our native Mexicans, and as with any other group

of men, some drink to excess. Our native Mexicans handle this situation without any

trouble in the southwest, but if you employ the nationals elsewhere, you may want

to watch this.

The Mexican nationals whom we have worked to date have turned in as good

a safety record as have our other men.

A joint Mexican-American Commission has been meeting in Washington, in an

endeavor to work out clear-cut definitions under which Mexican nationals can work on

American railroads. I regret that up to this time, no definite conclusion has been reached.

Employment Restrictions

It now appears that the following restrictions will be placed on their employment:

The place of employment will be designated as a Roadmaster's District, and

if we have on that District a contractor doing track work, either maintenance

or construction, and the contractors laborers receive a higher rate of pay than our

railroad laborers, we must not permit Mexican nationals to work on that District,

as it is their understanding that they will be paid the same wage as domestic

workers for similar work.

There will probably be an exemption for cases of washouts, slides, wrecks, fires

and acts-of-god.

Grading under contract with the use of heavy machinery will probably be exempted,

but incidental hand work which is not necessary to the operation of the heavy machin-

ery will not be exempted. This would mean that we could not permit the grading con-
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tractor to dress slopes of embankments, cuts and borrow pits by hand, and that clearing

and grubbing could not be done by hand, but might be done with power machinery.

In summary, the Mexican national is a good workman, but special provisions have

to be made for his use.

Vice-President Miller: On behalf of all, Mr. Blair, I thank you for your informative

talk.

Our next speaker will tell us about an entirely different expedient, that of the

employment of high school boys, about which most of you have already learned. Because

of the interest taken in the program, we have asked Mr. W. G. Powrie, engineer main-

tenance of way, Chicago, Milwaukee, St. Paul & Pacific, to explain the program adopted

by his railroad and something of the results obtained. Mr. Powrie. (Applause)

High School Boys in Maintenance of Way Work

By W. G. Powrie

Engineer Maintenance of Way, Chicago, Milwaukee, St. Paul & Pacific Railroad, Chicago

Like many other railroads, the Milwaukee Road has had a serious shortage of labor

for maintenance of way work during the past year. This shortage still exists. On our

railroad the labor shortage is most acute in Northern Illinois and Southeastern Wisconsin,

as well as in the thinly populated areas between the Missouri River and the Northwest

Coast. Many section crews consist of the foreman and only one or two laborers. A few

section foremen have at times been without even one regular laborer. Even at this time

of the year when our need for extra gang labor is low compared to the summer working

season, we have only 60 percent of the force wanted. Our people, with the cooperation

of the Railroad Retirement Board, have been actively engaged in looking for sources of

additional labor, and the employment of high school boys is just a part of this recruiting

effort to secure the help we must have.

During the past year maintenance of way officers on all railroads have had experi-

ence in working high school boys. Some of these 16 and 17 year old boys have been

employed in bridge and building work, some in section crews, others in large extra

gangs. Whatever the maintenance of way officers may have thought a year ago about

the merits of using these young boys in bridge and building or track gangs, they know

now that a great deal of work has been completed by them which otherwise could not

have been done. The employment of high school boys on a part-time basis during the

school term and on a full-time basis for three months during the summer vacation

period, of course, cannot correct the labor shortage problem, but it is the source of

some added help.

The Plan

Last year about this time our division maintenance officers called on high school

authorities in the villages and cities along their divisions to assist in recruiting boys

for work on the railroad. Part time work was offered in the section crews during the

months that school was in session and full-time work was offered during the school

vacation periods. The school authorities were told frankly about the working conditions,

rates of pay, transportation facilities and the supervision to be provided for the welfare

and safety of the boys. The cooperation of the school authorities was of great assistance

in convincing the boys and their parents that due care would be used in working them
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and that they would be treated as boys should be treated. The Railroad Retirement

Board officers were helpful in working out some of these arrangements with the school

authorities and the boys employed.

By April about 500 boys had been signed up for work, with about 200 actually

working week-ends. When the schools closed in June, the recruiting gained momentum
to the extent that we had more than 1,300 minors on the maintenance of way payroll

by the close of that month.

Where the type of work to be done permitted, the boys were organized into large

extra gangs and in a few instances camps were provided for them. These camps were

made up of standard extra gang outfit cars equipped with running water and electric

lights. Shower baths were provided and the camps made as comfortable as possible.

Meals were regulated to the boys' requirements, which proved to be somewhat different

than the needs of the regular transient extra gang worker. Generally, where the work

was not too far from their homes, the boys were transported in highway busses rented

for that purpose.

Special Problems of Supervision

Proper supervision over the boys, in both the local gangs and those living in camps,

received careful attention. Foremen were selected with care, an effort being made to

provide supervisors with some natural ability to get along well with boys. In some

instances school teachers or coaches were employed to act as monitors. They were of

great assistance in handling the boys, especially in preventing "horse-play", practical

joking and in warning them against unsafe working practices. In large gangs, an increased

number of lead men and assistant foremen is needed, but where only a few boys are

employed in an otherwise stable section crew, no special problem has been encountered.

The section foremen in the smaller towns frequently have had a longstanding

acquaintance with the boys and their families and willingly accept the responsibility for

their welfare.

Safety a Matter of Real Concern

Because few of these young men have had any previous work experience, their

safety is a matter for real concern. When first employed and daily thereafter, they must

be instructed in safe working practices. They must be required to familiarize themselves

with the safety rules and each day before starting work, the foreman must impress upon

them the great importance of following those rules. In addition, the foreman must in-

struct the boys in the proper use of the tools, as the use of these tools, as well as the

work to be done, is strange to them. All of this training requires great patience on the

part of the foreman and is very necessary to the safe handling of the boys.

The only satisfactory safety first record is, of course, a total absence of injuries.

We did not reach that goal, but had surprisingly few injuries among the boys. None of

these injuries was of a very serious nature.

The Work They Do
Our experience has shown that most of the 16 and 17 year old boys are willing to

accept the full responsibility of railroad bridgemen or trackmen. A few of them do not

learn the importance of that responsibility immediately and may act on the sudden

impulse to go swimming or to the ball game, leaving their foreman in a rather bad

situation if he happens to have a track out of service, but "boys will be boys" and

there is no mischief intended. In general, the turnover and absenteeism in the boy gangs

was much lower than among the gangs made up of the regular transient extra gang men.
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The quality of work done by these young men is satisfactory. Their lack of experience

and skill, of course, makes their progress slower than that of a crew of experienced

men, but by working with them a sufficient number of experienced men, they do well.

They learn the work rapidly and are willing and eager to get something accomplished.

It is especially noticeable that they like and excel in handling any type of a power tool.

Many of them do not like to work with a shovel, even though it involves less physical

effort than handling some type of power tool. While the progress made by some of the

boy gangs was slow compared to that which might have been made by a gang of

experienced trackmen, they completed many jobs for us that otherwise could not have

been done.

Have Been Used in Large Gangs

The type of work done included work as laborers and helpers in bridge and building

crews where the number that could be used to advantage was limited, but in one instance

a crew of 20 boys was used in excavating trenches for laying water supply pipes. Many
were distributed in small numbers among the section crews where general track main-

tenance work was done. In some instances they were worked in groups of 50 to 100

boys in ballasting gangs and these boy gangs were able to complete about 110 track

miles of reballasting and surfacing work. In one case a gang of about 100 boys, with

the help of about 20 experienced trackmen, constructed and put into service a section

of new second main track about 9 miles in length.

With the opening of school last fall, we of course lost the services of the majority

of the boys. Some of them, however, have continued working part time through the

winter months and we now have about 150 minors working on that basis. Many of

the boys signed up for emergency work such as snow fighting, etc. during the winter

months and some of the school authorities have cooperated by releasing them from

school for short periods so they could work during severe snow storms. This source of

help has reduced delays to traffic during the winter and has been greatly appreciated.

Will Employ Them Again This Year

At the present time we are making arrangements to employ the high school boys

this coming season on about the same basis as last year and hope that we may be able

to recruit about the same number, but the railroads in recruiting boys are up against

the same competition from other industries as they are in the recruitment of men.

As the manpower shortage becomes more and more acute, every source of additional

labor must be fully utilized. I do not want to leave the impression that our labor problem

can be solved just through the employment of 16 and 17 year old boys, but these young

men can be used successfully in all of the classes of maintenance of way work where

inexperienced help can be employed and the high school boy is a good source of some

added help.

President Clarke (presiding): The over-all picture in this labor situation has been

presented to us by one who can speak with authority and who I personally know takes

a practical, common sense viewpoint of this problem. Fortunately for us, the people

whom he speaks for and represents are not starry-eyed dreamers, not irresponsible

visionaries, but practical, common sense men.

The address that we have just heard has been very definite and practical, and I am
sure that now, after listening to Mr. Smith, you have a more complete and, perhaps,

a more accurate picture of the over-all situation as it applies to labor in general and

particularly as it applies to the railroad industry. This board has done a splendid piece

of work in assisting us in this matter.
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Mr. Smith, we are deeply indebted to you and to Mr. Carter, and I will appreciate

it. if you will please take that word to him.

Mr. Blair has discussed the possibility of help from Mexican nationals. Perhaps

this is the greatest labor pool untapped. Mr. Powrie has told us of the success his

railroad has had in employing high school boys. I think we have all done .something

along that line, but on the Milwaukee they have made an outstanding job of it. And

now we know better than we did, why that is so. Mr. Powrie's remarks, I think, will

challenge all of us because inherent in us is that idea and determination that what the

other fellow does, we can do.

We are greatly indebted to Mr. Blair and to Mr. Powrie.

The meeting is now open for discussion. The discussion will be off the record. The

speakers will be glad to answer any questions that may be properly answered.

The meeting is now in your hands.

(An off-the-record discussion period then ensued.)

President Clarke: I again express appreciation to the three speakers who have added

so much to our program.

(The remarks made in the presentation of the report of the Committee on Main-

tenance of Way Work Equipment which followed at this point will be found on page 609.

in the "Discussion".)

Annual Luncheon

The annual luncheon of the Association was held in the Grand Ball Room
at 12:30 p. m. on Wednesday, March 13, with an attendance of 754 members

and guests. After the luncheon had been served, President Clarke introduced the

guests at the speakers' table and continued as follows:

President Clarke: When we decided not long ago to have a meeting of our Associa-

tion again this year, after the lapse of a year, and began to plan the program, one of

the first things we considered was this luncheon—not what we ought to eat; that is the

business of the hotel; not what we would wear, because that is more or less circum-

scribed and proscribed and prescribed, but the speaker at this occasion.

This is the one interlude of relaxation we permit ourselves during the three days'

rather strenuous session, and we want it to be not frivolous or light, but stimulating

and thought-provoking.

We thought of a number of men we knew, who could do the thing we wanted,

but very shortly returned to the one we thought of first. For many years he had served

our country, and, perhaps, he had served the railroads better than we know. He had

been independent in his thinking. His conclusions were based on studious thought. His

opinions were expressed frankly, fearlessly and forcibly.

When we invited him, he accepted at once, in his own gracious way. It might interest

you to know what he said to us when we extended that invitation. He said:
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"I know the American Railway Engineering Association. I know the work it is

doing, and how valuable it is. I shall be happy to be with you on the occasion you

mention because I have a message that I want to bring to you. I want to use that

occasion as one on which I might hold a staff meeting of my own officers."

I need not tell you how much that was and is appreciated. We were told he could

not be here due to illness; no one thought it was serious. We were told he was going to

the hospital for a rest and for observation.

This morning we were shocked beyond words to be told that Mr. Joseph B. Eastman

had died. He will be missed perhaps more than we as yet realize, and we sincerely

mourn his passing.

I am going to ask that you stand a moment in his memory.

(Silent tribute to Joseph B. Eastman.)

President Clarke: When we last met two years ago, we little thought that it would

be so long before we again gathered here. World War II had been waging for over two

years. Our friends across the northern border had felt the effects, but we had only been

actively engaged for a little over three months, and the impact had hardly yet touched us.

We were carrying on in an almost normal fashion.

Since our last meeting, the changes in our accustomed ways have been great. Mil-

lions of men and thousands of women are in uniform. Many have made the supreme

sacrifice. Few homes throughout the land remain untouched. Mistakes have been made.

Too many have been selfish and have attempted to advance their own ends and interests,

even to the detriment of the war effort. But the vast majority have again demonstrated

what the American people can and will do.

The world-shaking events of the past two years have tested the industrial organ-

ization of our country. Huge additional responsibilities have been piled up. The demands

made have been tremendous. No industry has been more heavily taxed than have the

railroads, and none has made a better record.

As maintenance and engineering officers, we have been called upon to do our part.

We know the battle is not yet won, and that we intend to carry on is evidenced anew

by the work being done this week as we meet here. We are firm believers in the value

of preparedness. Experience has taught us the necessity of careful planning. Blue prints

must be made before bridges can be built. Knowledge of what may lie ahead is required

to make possible the development of plans.

Knowing one man preeminently qualified, by studious investigation and long experi-

ence, to bring to us accurate information that we so sorely needed, as I have just said,

we invited Mr. Eastman to be with us. At the same time we were told he could not be

here, his office advised us that his staff, loyal to their chief, had volunteered to protect

all commitments which Mr. Eastman might have made, and that, if we so desired, some-

one from that staff would keep that engagement which Mr. Eastman could not keep.

We welcome the representative who so graciously volunteered for the task which

Mr. Eastman could not do and which now he will never do.

Our speaker is well qualified by years of experience as a railroad maintenance officer

and by his present position to guide us as we think and plan ahead. He served the

Atlantic Coast Line for some 30 years, in various positions in the engineering and

maintenance department, the last several years as principal assistant engineer. He is now

serving the country and the railroads as associate director, ways and structures, Office of

Defense Transportation. I take pleasure in presenting to you Mr. R. L. Groover.

(Applause)
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Railway Engineers and the War Traffic

By R. L. Groover

Associate Director, Ways and Structures, Office of Defense Transportation,
Washington, D. C.

You just heard from your president of the regrettable circumstances which made

it possible for me to appear on this program; and of the very tragic circumstances

connected with this.

It is extremely unfortunate for you that Director Eastman, with his sound logic

and unlimited repertoire of good stories could not be here to deliver, in his own con-

vincing manner, a message befitting the occasion. To have the opportunity of appearing

here today is indeed to me quite an honor and privilege, even though under quite tragic

circumstances.

When I was first informed of this honor, I immediately turned to my friends for

some advice, counsel, sympathy, or what have you. Some of them told me to be brief,

concise; still others said, "Just be seated." (Laughter) I intend to follow all of this

advice.

It is not necessary for me to go into detail as to the burdens you have been carrying

and are now carrying, as only the bearer of the cross knows its actual weight. However,

it is only fitting and proper at this particular time, as a representative of the Office of

Defense Transportation, to pay tribute to your organization, which for more than 40

years has been training its members in research and the methodical and practical appli-

cation of the results thereof to the preservation of railway properties necessary for the

efficient handling of rail traffic. Through many years of hard work, your various com-

mittees have strived conscientiously and diligently with the wholehearted support and

cooperation of railway supply manufacturers to better the domestic railway systems by

improving methods of maintenance and the development of improved machines and

appliances. During the greatest of all emergencies your efforts in the past in this direction

are paying dividends beyond the comprehension of all.

The Primary Responsibility

By executive order, the ODT is charged with responsibility of seeing that rail

traffic is kept uninterrupted and moving expeditiously during this war period. We, (and

I mean ODT), recognize the difficulties you have overcome so far, in meeting the condi-

tions that confronted us, such as, an almost unbelievable lean diet of materials, decrease

in quantity of manpower, coupled with an alarming decrease in efficiency thereof. It is

by your tireless energy, unrelenting supervision, and careful planning, that the domestic

rail systems are able to carry the heaviest burden in the nation's history.

Being an engineer by training and experience, it is only natural that at this time

I should take the opportunity to place more than passing emphasis on the part being

played by the maintenance of way and construction organizations with the ab»e assist-

ance of purchasing, mechanical, and other railroad departments in making it possible to

maintain railroad properties so that they could function with maximum efficiency. The

engineers have long been the guardian angels in preventing the unwitting destruction,

of railroad property. By close supervision and at times inborn intuition, they prevent

many accidents and consequent destruction of life and property ; by controlHng speed

when unstable track conditions develop; by preventing the operation of power and

equipment in excess of the carrying capacity of the track structure; and by preventing
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numerous other operations all of which to the uninitiated seem at times to be nonsensical

and the result of a fanciful imagination.

Rail employees from the section laborers to the president have been trained in the

hard school of experience to meet emergencies, that is, emergencies on the individual

segments of road. Therefore, when a national emergency arose, the railroad organizations

were able to meet it without complaint and with the determination to see it through

even though it involved considerably more ingenuity and planning than repairing a

washout or clearing a wreck.

I do not like detailed statistics as I generally find them boring so I will not take up

your valuable time with detailed figures, etc., however, I think it is of interest to you

to know that in 1943 there were cleared through the ODT as being essential to the war

effort and approved by other governmental agencies some 3,629 railroad construction

projects, or about 10 per day, with a total estimated cost of $134,968,171. This is ho

small sum of money even in these days. These projects involved:

Signaling and CTC $54,259,835

Bridges, trestles and culverts 16,298,255

Main tracks 19,990,209

Yard, passing and other tracks 37,891,628

Mechanical facilities, including water supply 19,480,187

Freight and passenger facilities 4,581,346

Communication facilities 1,046,848

Miscellaneous 11,419,863

I present these few statistics as an indication of the obligations you have assumed

in the past year and which obligations you are meeting under the most trying circum-

stances as records will show. Our prehminary forecast for 1944 indicates that construction

facilities necessary to preserve the integrity of the domestic rail systems will be as great

or greater than in 1943.

You gentlemen had no choice in calling for the cards in this game. It was an

unusually cold deck of cards. The hand was dealt to you and by playing it close "to the

belly" you have managed to at least break even. There has of course, been some

bluffing.

It is only natural that, since the difficulties confronting the railroads have been

wholly recognized that you should ask what are you going to do about it and what may

we expect in the future. I am no prophet and do not desire to be one.

Need Something To Work With

Those railroad employees charged with responsibility of maintaining way, structures,

and equipment, are inherently workers and will work, as the records show, if given

something with which to work. We are bending our efforts in this direction. The records

will show we have had success in some quarters but in other quarters I am sorry to

say not so much. We are confronted in the immediate present with extraordinary

demands by the armed forces. Even though the railroads are recognized as a "Second

Front", I am sure that none of us would demand material if the use of this material

by the armed forces would shorten this war by as much as one day or even one hour.

Scrutinize your requests for materials and machines carefully to see if you can do without

for 90 days or even 30 days. The picture may change abruptly at any time.

We see and hear about manpower shortages. It is no fantasy but is very realistic.

You have recently learned that various agencies are being set up to alleviate this man-

power shortage. It is a foregone conclusion that when labor decreases, supervision must

increase in order to maintain an efficient organization. I am afraid therefore, that it will
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be necessary for the immediate future that you supervisory raihoad officers take another

hitch in your belts and carry on.

It means of course, considerable time spent in patrolling the property, keeping in

close touch with the "soft spots" and many more sleepless nights. In some measure, the

antidote for a deficiency of manpower is a greater use of machines to which thought,

I believe, we all subscribe. However, we must remember this war is being waged with

machines; the same machines, or component parts thereof, that you use in mowing the

right of way, cleaning ballast, tamping ties, building roadbed, etc. The ODT as claimant

agency for the railroads is continually pressing your claims for machines, "snitching"

a few here and there, and laying the groundwork to secure such equipment as soon as

immediate urgent conditions will permit. Those agencies in Washington in control of the

scheduling of such equipment are, in my opinion, fully conscious of the urgent need for

maintaining the "Second Front" in this country that is, the rail transportation system.

I have no doubt that such knowledge of these conditions will soon bear dividends. On
this score however, I do not want to appear too pessimistic, neither do I want to appear

overly optimistic, as I know what it is to be disappointed.

Must Not Be Too Optimistic

During the nine or more months I have been with the Office of Defense Trans-

portation as associate director, way and structures, I have experienced many disappoint-

ments of this nature. I have learned not to become too optimistic because there are so

many unpredictable factors that enter into the picture as affecting the various

production lines.

I have gone this far without telUng a story. As a matter of fact, I have no story

that is really applicable to the occasion. I will relate, however, a little incident that

might be construed as being applicable to the occasion, and that is of the lady who,

when she was first married, said to her husband that she would like to have a little face

at every window. After she had given birth to eight children, she suddenly decided she

would rather have lace curtains. (Laughter) Some of us think we need rail.

I will not go into any detail as to the material situation as you have others on

your program that can more ably paint an accurate picture for you than I can. How-
ever, I would like to call your attention to the hard work and diligent application being

given to solving the material and equipment situation by the Transportation and Equip-

ment Division of WPB, the Steel Division, as well as many others.

I can truthfully say, that all are making your problems theirs and there is no doubt

in my mind as to the successful solution of them and the final outcome.

I reiterate my thanks for being allowed to be a guest of the AREA on this 44th

anniversary and I sincerely hope that in the unexpected role in which I was placed at

this luncheon I have not encroached too strongly upon your valuable time. (Applause)

President Clarke: Mr. Groover, those of us who are right up on the firing line

appreciate the efforts which the office you represent is making in our behalf. We are

grateful for the success which you have, and we are trying to forgive you for the

failures.

I think this is no time for any trite remarks. We will simply extend to Mr. Groover

our thanks and appreciation for the message which he has brought us, which will help

us in our thinking and our planning. In saying thanks to him, I feel we are again

paying tribute to a great man, and a great American! Thank you, Mr. Groover.

There comes a time to all of us that brings regret and that time now comes to me.

Again, we thank you for being with us. I bid you farewell until we convene again.

We now stand adjourned.
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Materials—Our Number 2 Problem

The time from 2:20 p. m. to 4:00 p. m. on Wednesday, March 15, was

devoted to discussion of the. problems imposed on railway engineers and main-

tenance of way officers by reason of the restrictions imposed on the use of some

materials and the shortage of others, five speakers having been invited to review

this problem from as many different angles, beginning with a general discussion

by Mr. A. C. Mann.

President Clarke: This afternoon we will consider what may be called the "Num-
ber 2" problem of the railroads, that is materials, what may be procured and how it

may be possible to procure it and how to avoid the use of critical materials which

are still extremely difficult to get.

This afternoon's program will be somewhat like that of yesterday, first the over-all

picture and then a more detailed discussion later.

The first presentation, the over-all picture, will be made by a railway officer who
has had long years of contact with railway materials. He has been associated for many
years with the Illinois Central Railroad and has risen through the various classes and

ranks in that organization to that of vice-president in charge of purchases. He has

participated actively in the work of the Purchases and Stores Division of the AAR,
of which he has been chairman.

At the present time he is on leave of absence, serving as director of the Trans-

portation Equipment Division, War Production Board. Mr. Albert C. Mann! (Applause)

The Over-All Material Picture

By Albert C. Mann
Vice-President, Purchases and Stores, Illinois Central Railroad, Chicago; and Director,

Transportation Equipment Division, War Production Board, Washington, D. C.

To have the opportunity to discuss with you, the members of the American Railway

Engineering Association, and your guests, the important subject of the materials situation

is both a pleasure and a privilege; a pleasure because we all have a common purpose;

and a privilege because I hope to give you some words of encouragement or at least

of enlightenment on the materials situation.

It does not seem desirable or necessary to look backward today or to discuss what

is past except to emphasize that during the depression you maintained your railroad on

scanty material rations because there was no cash to buy what was needed. From 1939

on, when there was some money to spend the materials were needed elsewhere and were

not available to you. And yet, the railroad industry as a whole has earned and acquired

an enviable reputation for its unparalleled performance in the moving of goods and

people when, as, and where needed, to bring about an unprecedented production of war

necessities and vital civilian goods the construction and maintenance of new war plants,

and camps for the training of our service men and women. That railroad management

and workers have shown unusual initiative, courage and a sense of responsibility to the

war effort is acclaimed by individuals, by representatives of industry, and by representa-

tives of government agencies, at least by those who know and are willing to give credit

where credit is due.
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No small part of this past performance is credited to you, the members of this

organization. Your part of the railroad structure has taken a severe pounding and it has

required all your ingenuity and constant intelligent planning to cope with the daily

problems confronting you.

We are all interested in the immediate future of the materials and equipment situa-

tion so I shall try to point out the prospects in connection with major items and the

policy of the War Production Board and the Office of Defense Transportation which

represents the transportation industry before that board.

Undoubtedly the greatest deprivation you have experienced in your maintenance work

since Pearl Harbor has been in new rail allotments. In 1942 the railroads asked for

1,600,000 tons but received only 1,260,000 tons. In 1943 the request was for 1,800,000 tons

but an allotment was made of only 1,539,000 tons. In mentioning the railroad request,

I am referring to the tonnage which the ODT as claimant agency for the railroads

finally determined as minimum requirements and the tonnage which the WPB was asked

to allot to the railroads. In both 1942 and 1943 the actual delivery by the steel industry

was below the tonnage requested. We are encouraged to believe that in this year of

1944 the result will be more encouraging, at least the trend is in that direction. ODT has

asked for 2,200,000 tons for 1944, and while the total tonnage initially alloted by the

WPB was only 1,825,000 tons, that total has been increased by an additional delivery

of 40,000 tons in the first quarter and an anticipated increase in the second quarter of

100,000 tons. We have reason to hope that the third and fourth quarters may produce

each an additional 100,000 tons, so the total for the year may reach 2,165,000 tons, or

substantially equal to the ODT request.

The distribution of rail between the railroads is worked out by the ODT on a

percentage pro-rata basis, based on the railroads requested tonnage and the tonnage

finally alloted by the WPB. All the evidence shows that this has been an equitable

form of distribution.

Along with the added rail deliveries the WPB is trying to work out a simplified

program making it possible for the railroads to make advance validations of their orders

for track fastenings and accessories, to avoid some of the complications which have

arisen as a result of their ability to furnish additional rails over the quarter's original

allotment. The purchasing officers have been finding it difficult to get the steel mills to

accept orders for the additional fastenings and accessories needed for the additional

quarterly bonus allotments of rail. This we hope to soon correct.

General Steel Situation

It may be appropriate at this point to make a statement about the general situation.

Generally speaking, there have been reductions in some military programs, but this

lower demand from the direct military agencies has been offset by increased need for

many non-military items such as railroad equipment, track materials, farm machinery,

gas and oil facilities, and food containers. Increased allotments for these purposes are

responsible for the fact that total allotments to claimant agencies for the second quarter,

1944 are approximately equal to those for the first quarter. A few producers have idle

capacity as a result of lack of demand in their particular territory or for their specific

product. However, a careful check of the order book positions of all producers indicates

that the industry in general is very well booked and should operate close to capacity

through the first half of the year.

The demand for plates and heavy sheets has continued strong, and it has been

possible to satisfy requirements only by obtaining maximum production from all units.

There should be some relief on these products beginning in the third quarter due to the
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completion of new facilities, and especially if the maritime plate requirements should

decline somewhat as now seems possible.

The structural shape situation is quite easy, and shapes are readily obtainable within

the limits of over-all allotments made by the WPB Requirements Committee.

One item it might be well to mention specifically is seamless tubing. Military demand

continues strong, and requirements are being met with considerable difficulty. For this

reason, the railroads should continue to specify and use welded boiler tubes.

You are familiar with the situation on alloy steels. The demand has declined to the

point where there is no longer any necessity for substituting carbon steel for alloy steel in

places where alloy steel will provide a superior service.

Cross Ties

The past two years have been difficult ones in regard to cross ties. Production was

slowed down in 1942 both by the beginning of the labor shortage and the uncertainty

regarding price regulation by the Office of Price Administration. Cross ties were not

exempt from the General Maximum Price regulations issued in March, 1942, and yet it

was almost the end of the year before prices were fixed for ties. You will recall that

railroads could not pay more for ties than the prices paid for ties received in the first

quarter of 1942. And ties received in the first quarter of 1942 were contracted for many
months previous to that time, so there was a stalemate between producer, contractor,

and buyer which seriously affected production. And, we have suffered from that slow

down in production ever since. It was indeed unfortunate that the government price

agency found it necessary to fix maximum prices for ties when there was and is only

one consumer of ties, the transportation industry, particularly when it did not see fit

to place some control over the two cost elements which enter into the production of a

tie, labor and stumpage. Also, there was a delay of almost another year before the

maximum prices for treating services were set.

Due to the slow-down in production, but a continuing demand for crossties, it has

been necessary for the railroads to accept grades and species of ties which are ordinarily

not standard for their use, and I am referring to that classification known as "Mixed

Hardwoods", and also the pressure applied by the contractors making it necessary for

his customer to take the full range of sizes and lengths on the plea that to get standard

sizes he has to buy all the complete range of sizes or lose the entire production to some

other contractor. Let us hope the day is near when we can get back to buying what we
want and need to maintain our roadways properly. We are not out of the woods yet

so far as production is concerned and there is every evidence that 1944 will still be a

tight year for cross ties.

Action toward placing complete control of the distribution of lumber under the

Controlled Material Plan has been instituted within the past few days, and this morning's

Journal of Commerce contains a rather complete statement on this subject. There is

no statement in this morning's press release which indicates that cross tics are to be

included in this general control program, but the last official statement I had on this

question indicated that both hewn and sawed cross ties would be included in the order

and it is not impossible that some control may be put over the distribution of cross ties.

Lumber

Recently new regulatory orders have been issued by the WPB Lumber Division

which affect the purchase and procurement of lumber for railroad use. So far these

orders merely cause a delay in purchasing and shipping while paper applications and

authorizations are being passed back and forth between the buyer and the WPB, and
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there are indications that some inventory and anticipated use reports will be necessary

before orders can be approved and cleared. All of this is deemed necessary by the WPB
due to the extremely tight demand for lumber for all essential purposes. So that you

may see just what the lumber situation is I am quoting a statement given me by the

Lumber Division of the WPB.

Preliminary estimates of 1944 lumber requirements total 3S.S billion board

feet. Of this total 1,287,000,000 board feet are for railroad construction and

maintenance, 616,000,000 board feet of which is for car lumber. A total of

2,418,000,000 board feet has been estimated as the cross tie and switch tie

requirements, of which about 60 percent is expected to be sawed ties.

Production of lumber in 1944 is currently estimated at 31 biUion board feet,

in consideration of manpower and equipment problems. Attempts are being made

to ease the manpower and equipment situations. Accordingly, a production goal

has been set by WPB at 34 billion board feet. At this early date, the possibilities

that the lumber industry will reach that goal cannot be determined. As the actual

lumber supply and requirements figures for 1944 develop, it may be necessary

to tighten existing controls on lumber distribution and use, by requiring the

substitution on unusual grades, species, and sizes of lumber in railway engineering

as well as in other uses.

The railroads are to be congratulated on the way they have met the tight

lumber situation. Ties of species and sizes not previously used have been installed.

Specifications for structural timbers have been amended, in part, to embody the

emergency specifications of WPB Directive 29. Such actions have assisted the

railways in performing a remarkable wartime transportation job. If the lumber

situation, as expected, remains tight or grows tighter, further use of species and

sizes, permissible under your standards but not generally used, may be necessary.

The pattern of lumber demand has undergone many changes in the war

period. From an early demand for heavy construction items, the requirements

have shifted more and more to boards and dimension for shipping lumber. It is

now estimated that 17 billion board feet will be used for shipping lumber in 1944,

every large cargo ship using about 250,000 board feet. It takes 1,500 board feet per

man to house the army in training in the United States; then 300 board feet per

man, on the average, is required to get the army to a foreign front; then a steady

flow of supplies over increasingly extended supply lines requires still additional

lumber and lumber products.

Roadway Equipment and Tools

On behalf of the WPB the following statement is made on the subject of Equipment

and Tools.

Many items of work equipment are more readily obtainable now than they

were a few months ago for use on the railroads in the maintenance of way and

bridge and building departments, but several completed mechanical devices are

still difficult to obtain on reasonable deliveries due to the shortage of raw mate-

rials, component parts and manufacturing facilities. In several instances, raw mate-

rials are available but components are unavailable and this prevents production

and delivery of the completed articles. Many mechanical devices used in track

cannot be delivered promptly as components of aluminum and copper are not

obtainable. There is an ample quantity of aluminum available but the means

of processing permanent mold castings and extruded shapes is not sufficient to
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supply the demands and in some cases, substitutions of essential parts composed

of other metals cannot be accomplished satisfactorily. This prevents completion

and delivery of machines that are badly needed.

Due to the shortage of manpower in industrial plants as well as on railroads

and public utilities, a tremendous increase in applications for mechanical devices

to overcome the manpower shortage have been received. This is noted particularly

in the case of 2S0-ton wrecking cranes, adzing machines, tic tampers, crawler

tractors, bulldozers, scrapers, draglines, power wrenches, spike pullers, bolt tighten-

ers, and rail laying machines. Some of these articles are produced by six or eight

different manufacturers, and others by but two or three manufacturers, and in

some cases only one manufacturer produces a given item. Examples of particular

mechanical devices for track work which are produced by but one manufacturer

are the Burro rail laying crane and a tie adzing machine. Both of these machines

are in greater demand than the production facilities of the two companies, and

Burro cranes are not obtainable now to new applicants until 194S. Adzing

machines can be obtained in about three or four months after the placing of the

order. Therefore, the Burro cranes are not available for this year's rail laying

program and it is a question whether or not adzing machines can now be

delivered to take care of this year's rail laying.

Draglines are not at this moment available during 1944 as the entire produc-

tion of draglines is taken by the Army. Crawler tread tractors are being requested

in greater volume than ever before and as only a limited number are available,

prompt deliveries cannot be made excepting in occasional cases when a cancella-

tion is received due to a change in program. It is estimated that the request for

mechanical track devices have increased at least 200 percent over the request

received a year ago.

An attempt is made by the ODT and the WPB divisions to distribute

mechanical devices where the need is most urgent and to as many different roads

as the available supply will permit.

It is essential that applications to the WPB should contain valid and detailed

reasons why the equipment is needed, where it is to be used and the amount of

similar equipment now in use by the applicant. The simple statement of "shortage

of manpower" or "for use for general maintenance work", does not suffice. When

detailed reasons are stated covering the general essentiality of needs, those appli-

cations are given preference and where it is necessary to deny the application,

reasons for that denial are given and frequently suggestion is made that the

applicant re-apply at a later date.

I would like to say in this connection that the ODT has been unusually helpful to

the WPB in presenting the needs of the railroads for this track equipment. Unfortunately,

several divisions of the WPB are involved in these requests, the Automotive division,

the Tool division, the Power division, and the General Industrial Equipment division.

But I am gratified to find that the ODT is really trying to sell a bill of goods for you

gentlemen, in a way that is going to bring results. I don't know what you have done to

keep the ODT advised of your applications for this machinery, but I think it would be

very helpful if, at the time you make your application, you send a copy or some advice

to the ODT, so that that organization, in addition to the division that I represent,

may go to bat for you in these other divisions of the WPB.
Taking into consideration the continued heavy demand which will be placed on the

transportation systems and the tightening labor situation within the industry it would
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appear reasonable to expect that the industry may need additional materials, devices,

and equipment which have heretofore been difficult to obtain within reasonable prompt-

ness because of Umitations necessarily placed by the WPB or because of other reasons.

It is the policy of the WPB through its Transportation Equipment division and

other industry divisions to be of all assistance possible to the transportation industry in

providing materials, devices, and equipment which the industry can clearly show are

necessary to bring about greater safety in operation and more efficient and speedier

transportation service. (Applause)

President Clarke: Needless to say, you have listened to one who speaks with author-

ity, because he knows his subject intimately and completely. It would be out of order,

and it certainly is entirely unnecessary for me to attempt to comment on or emphasize

any of the remarks which Mr. Mann has made. Some of them are encouraging, some

are rather disturbing.

In this discussion, as in the one yesterday, I will ask that you defer any questions

or remarks until all of the speakers have presented their addresses. If there are points

mentioned which you would like to bring up, I suggest that you make a note of them

so that you do not forget them. You know, I always like to see a railroad officer make

a note. I know he is paying attention and thinking about the job. That is very

encouraging.

While the picture just presented is not entirely rosy, neither is it entirely dis-

couraging. There are things which we can do to help ourselves, and we will now discuss

those somewhat more in detail.

Track material is perhaps the greatest in quantity of any of the various materials

that we use. It calls for the greatest tonnages. Track material will be discussed by Mr.

A. A. Miller, chief engineer maintenance of way and structures of the Missouri Pacific.

He needs no introduction to this group. He is a vice-president of this Association.

Mr. Miller! (Applause)

Track Materials—Getting Along With Less

By A. A. Miller

Chief Engineer Maintenance of Way and Structures, Missouri Pacific Railroad,
St. Louis, Mo.

In dealing with the vital and necessary requirements which obtain as the result of

our being at war, and which in turn call upon every citizen of our country to dedicate

his every thought and effort to the winning of the war, we find ourselves facing unusual,

uncommon and extraordinary situations. Real problems present themselves, and they

challenge us; they not only are met, but they must be overcome.

Individually and collectively we must think and act in harmony and unity and with

the purpose of seeing things in their proper perspective. We must make up our minds

that nothing is impossible which it is right and righteous to do; with unity of purpose

we must effectively aid in bringing about understandings that have but one direction

—the. winning of the war. Certainly no element in these understandings should be

alloyed with selfishness, profit making or profit taking.

Use Material Longer

We are under patriotic and sacrificing obligations to our God, our country, our

armed forces, and ourselves to use materials longer at places where they are now in use

before replacing them if that is safely possible; to do more and ever more reclaiming

of materials where that is safely possible; to exercise the great care that can only come

out of mature judgment and seasoned experience in programming work and making
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applications; and most certainly to refrain from ordering or purchasing new materials

beyond the requirements of what I will call patriotic and unselfish sufficiency—^and

safety, after -we have made a fearless analysis of the conditions obtaining or liable

to obtain.

Some of the processes that would obtain in doing the patriotic thing in the use of

materials are not economically sound; but we are not dealing in economics. We are

trying to win a war; save lives in doing it by giving our "Must" and "Most" to the

war effort and we will win this war much quicker and at the least cost if we will forget

economics and reserves at this time and remember only the meaning of eternity and

the realities of what we fight for and dedicate our efforts to.

Primarily at this time I wish to talk briefly in regard to track materials.

The present and prospective shortages of materials call for particularly efficient

supervision to insure the most effective use of what is available. More careful detailed

inspection is required than ever before to make certain that renewals are not made in one

location where not immediately required for safety and sufficiency and at the expense

of some other location where the need as measured in terms of safety and sufficiency

may be greater. Such inspections require mature judgment and a somewhat different

attitude on the part of those responsible, than that justified and proper in normal

times. Programs previously worked out and approved may have to be temporarily

suspended or revised to care for the unforeseeable conditions which arise from abnormal

traffic.

Dealing with Rail End Wear
With rail, the most frequent cause for removal from primary main tracks is the

condition of the ends. In ordinary times a point is reached when it is no longer eco-

nomical to overcome batter by building up rail ends, or to improve joints by renewal

of the bars,—particularly where the rail is of lighter section than standard for the

particular line and where this lighter rail, if not carried too long in heavy traffic territory,

will give good service on secondary or branch lines. Frequently, lighter sections are

removed from heavy traffic main lines even sooner than conditions on the heavy traffic

line require, because of the need for the rail in lighter traffic lines, and because, as long

as new rail is to be purchased, this should be of the heaviest section used by the railroad

and hence should be applied in the heavy traffic territory. Under present conditions of

material and labor shortages, it is necessary to carry the rail much longer in its original

location. This is done by restoration of the rail ends by welding, and repairing worn

joints by the use of shims, reformed bars, etc. Rail renewals can be limited to short

stretches of track, such as on curves, where the rail wear is approaching the safety limit.

This retention of the rail in its original location not only reduces the amount of new

rail to be purchased and laid, but also markedly reduces tie destruction. Rail renewal

is always unavoidably hard on ties, even when carried out with the most approved

practices calculated to minimize tie damage.

The practice of rail reclamation by cutting off worn ends is of doubtful propriety

where there are shortages of labor. It is probably better, where possible, to restore rail

ends and joints without removing the rail from track if for no other reason than to save

the labor involved in removal from track and reapplying it somewhere else.

Oiling the entire rail to retard corrosion from brine drippings is good practice in

normal times and should be continued, whenever possible, in war time on those lines

carrying considerable salted refrigerator traffic.

Scrap reclamation is nothing new with the railroads, but in normal times there is

an economic limit to the amount of labor and expense which should be spent on any

item. For example, it is false economy to spend three cents to straighten and recover a
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two-cent spike. Under present conditions, such recovery, even though more expensive

than the cost of the new item, if the new item could be obtained, may be entirely

justified.

In normal times it is economic when track is being given a general reconditioning

(such as accompanies rail or ballast renewal), to take out all cross ties which are ap-

proaching the ends of their effective lives, even though some of those taken out have a

year or two of remaining life. This is done to avoid the necessity of disturbing the track

for several years after its rehabilitation. This practice is particularly justified on lines

of heavy traffic where labor costs are always high. In the present situation, however

with only a fraction of next year's normal tie requirements in sight, it is desirable not

to renew any tie which has not fully completed its service Hfe. This process requires

very close supervision to avoid going too far one way or the other, particularly where

foremen have been trained from the viewpoint of normal times, and may not fully

appreciate just what is involved in conserving materials.

It is more important than ever to care properly for any ties in track which are

damaged by dragging equipment or otherwise. Splintered edges should be trimmed off

and creosote applied. The judicious use of creosote applied with a brush to ties in track

can accomplish a great deal in retarding decay.

In some cases, particularly on light traffic lines, it may be necessary because of the

tie shortage to turn some ties over in order to obtain a face which will support tie

plates and hold spikes. Such processes again call for the exercise of mature judgment.

However, it has been done.

Salvaging Usable Ties

Branch line abandonments may provide usable ties and the process of taking up

the track should be devised so as to avoid damage to such ties. It may be desirable to

retreat some of these second-hand ties, particularly in cases where the treating facilities

are not too remote. In any event, the application of creosote to the rail bearing areas,

or other exposed surfaces, at the time the track is being taken up, is very desirable to

check any incipient decay. The benefits of such detail care are out of all proportion

to the cost.

These few examples are cited to spur our thoughts into action and divest ourselves,

where it can be safely done, of the limitations of past practices which would eternally

remain present practices if men's minds under stress of emergencies, needs and require-

ments remained apathetic and dormant.

Let me bring to mind some other things. Some railroads do some things in the way

of reclamation that others do not do. What may be good and economic in normal times

for some may not be for others.

Is it sound economy to upset and reshape "neck cut"' spikes? The answer is no

—

but it can be done and on some railroads is being done. A very simple die made in

almost any shop at a cost of not to exceed $40 can be used for the purpose of upsetting

and reshaping to "design form" a spike about 34 in- shorter than standard, that is fit

for use on any light traffic line or for a hold-down spike—tie plate to tie.

Can rail anchors be reclaimed? Yes—any type can be. Is it being done? Yes—some

railroads operating reclamation plants are doing it. With some types of anchors it is not

economic to reclaim them; with some types the results are only 60 percent effective.

But we are not deaUng in economies. We are contributing to the war effort in any

way we can.

Can cross ties, no longer fit for use as ties in any track, be used for any other

purpose? Yes—they can be used for fence posts and for stabilizing roadbed. It can be

done. Some railroads are doing it.
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Are we still using track tools on the basis of "wear limitations" set up years ago?

We can safely change these "wear limits". Some railroads have done it. All railroads

can do it.

Do we still adhere to certain ballast sections because we always have, and "they

are standard"? In a time like this the "semi-box" section can be safely used—with the

ends of ties completely exposed on tangent track and on the low side of curves—on track

that is fully anchored and has double-shoulder tie plates.

Do we continue to overhaul and rebuild motor cars on the basis of "50 or 60 or

70 percent of the cost of a new car" or do we overhaul them when they are sent in and

examine the cost sheets afterward? In a time like this the second way is the patriotic way.

Are "War Effort" committees set up on the individual railroads whose duty it is to

draw conclusions with respect to what can or cannot be safely done to meet the require-

ments of sufficiency on their respective railroads and thereby reduce to a minimum the

purchase of new materials; expand the reclamation production; and get longer life out

of materials where they now lie in service? It can be done. It should be done, and the

results coming out of their efforts should be cleared through the American Railway

Engineering Association to the end that all railroads may benefit from the patriotic

thing they have accomplished.

Let us not only think and talk of these things but try them out—and if the

results are sufficiently satisfactory we should not keep our "light under a bushel" nor

our "love of country" hampered by a fear.

Let us cut the red tape and clear our thoughts and suggestions through the com-

mittees—or directly to Mr. W. S. Lacher—secretary of the Association—who in turn

will send them on their way through proper channels to help our Uncle Sam.

We are at war. Our armed forces are neither retreating nor looking back at us or

for us; they expect us to be back of them and backing them up. Here have been given

a few suggestions on how we can do some things about it.

To sum up, the problem presented calls for the very best supervision and an

attitude which will permit deviation from the standard of normal times, even though

the ultimate economy may be adversely affected. The question to be answered is "will

it work" rather than "does it pay". (Applause)

President Clarke: Thank you, Mr. Miller, for your very many excellent suggestions.

I am sure everyone will agree that there is nothing impractical about any of them.

The next most critical item in the track structure, probably from the standpoint of

the safety movement of trains, is that of bridges. Mr. A. R. Wilson, engineer of bridges

and buildings, Eastern Region, Pennsylvania Railroad, and a past president of this

Association, will tell us about that. (Applause)

Measures to Meet Existing Shortages in Bridge Materials

By A. R. Wilson
Engineer of Bridges and Buildings, Pennsylvania Railroad, Philadelphia, Pa.

A shortage of bridge materials is a condition that bridge engineers are familiar with;

however, it is pertinent to discuss this with you rather than talk to you about it. I shall

endeavor to make this talk like the woman's skirt, brief but long enough to cover the

subject. We are all loyal citizens and are striving to avoid waste of both man power

and materials.

In this present emergency our government has set up various agencies to control

the use of materials so that each will receive his proper share of whatever is available.
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The list of materials that the bridge engineer must use is limited and most of them

are now critical; and while he cannot be placed in this same list himself, he also must

be critical and exercise his ingenuity in the use of materials.

Still Use the Same Raw Materials

The old saying "there is nothing new under the sun" can be applied to materials, as

the raw materials we are now securing, we always have had. It is through research that

we know more about them and adapt them better to our use. Science is resourceful;

it could not pry open the Pullman car windows, so it air conditioned the car. Many
changes have occurred in bridge building during the life time of every one present. Each

stage of its improvement has been brought about by necessity.

With the introduction of the steam railroads, the advance of civilization westward

on our continent was accelerated. With this advancement in transportation, it became

necessary that railroad bridges of specific carrying capacity be built. The types of bridges,

as well as the material used, have been greatly improved. The earlier bridges were made

of wood, combined with cast iron and wrought iron; it was not until about 1890 that

steel came into common use.

The building of steel bridges is a relatively new industry, and its development can

be traced to the growth of the railroads. As locomotives were made larger, with more

power and speed, the early timber bridges and trestles had to be replaced with steel

structures, and the lighter steel bridges eventually had to be replaced with others

designed for heavier loads and greater clearances.

During this war very few new railroad structures have been built due to restrictions

on use of new steel,—either reinforcing rods or structural plates and shapes. In the

preparation of the design for those that have been built, careful consideration has been

given, particularly to the erection, so as to minimize the interruption to traffic. I am
familiar with one project of reconstruction, where a truss bridge was replaced by plate

girders, in which the old stringers were used and the design so developed that the

complete removal of the trusses and erection of the girders was accompHshed without

interruption to any scheduled train. The erection material was salvaged for use in a

permanent structure.

Some Expedients

Recently the Railway Age published articles on the construction of a change of line

by the Pennsylvania Railroad on its St. Louis division, in which the bridges were

refabricated from girders removed from a viaduct in Newark,—the girders having

ample strength in their shortened length.

About a year ago the army engineers built a canal about six miles long across the

southern tip of New Jersey,—connecting the Atlantic ocean with Delaware bay

—

requiring several draw bridges to be built, one a railroad bridge. This construction took

place during the time that new steel was most critical. The canal had to be built and

the railroad must operate. While studying this problem, an unused half-through plate

girder draw bridge, of a greater length than required, was located. This old structure

was cut apart and shipped to the new site and rebuilt into a deck structure of a shorter

length. No new material was purchased, sufficient material being obtained for bracing

and details from the old floor beams and stringers.

These few instances indicate what can be done with old structures to adapt them to

new conditions and modern loading.

The use of reinforcing steel can be ehminated or materially reduced in constructing

concrete retaining walls and arches if the designs are based on gravity sections.
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A bridge on any railroad line may be of such design as to restrict the weight of

motive power permitted, and such restriction may be removed by strengthening, at a

moderate expense, thus postponing the more expensive job of complete renewal. This

strengthening, however, should only be done after the design of the structure and its

condition has been carefully analyzed to determine whether such reinforcing will be

effective, particularly in the details of connections.

The problem of maintenance is one that should be uppermost in the mind of the

bridge engineer, both in the design of new structures and in prolonging the life of

existing structures.

Maintenance embraces preventive work, and such preventive work, to be most

effective, calls for frequent inspection and a system of records that will enable the

engineer to know the true condition at all times without any guess work. Positive

knowledge is needed as a basis for efficient maintenance.

Stone masonry will go to pieces if not kept pointed. Disintegrated concrete should

be repaired; steel structures should be painted. All such measures, if acted upon promptly

will prolong the life of a structure and reduce the amount of critical material required

for either a complete renewal or a major repair.

The effect of corrosion and the increase in the weight of equipment are two of the

engineer's greatest nightmares, and when he is confronted with a structure where only

part of its useful life has expired, he must by some method repair or strengthen it so

that it may continue in service.

Welding will not solve all of our problems, but many do arise where no other

method is so well adapted. It is a great aid in repairing defective details; in the rein-

forcement of old structures it has an advantage over riveting from the fact that it

provides a means of attaching new metal without the use of rivets or bolts.

Our job IS to keep the bridges safe. I consider one of the measures to meet the

shortage of materials is to assume an attitude of open mindedness. It is a human char-

acteristic to think well of practices for which we are responsible or which we have

followed for a long time, but to get the best results we must consider suggestions fairly

and endeavor to adapt them to our practice or to modify our methods so as to embody

any improvement which may be practicable.

Study AREA Publications

This Association has a wealth of information and recommended practices tucked

away in its publications, which, if studied, will indicate the way of doing a job eco-

nomically. Upon the recommendation of Committee IS—Iron and Steel Structures, the

AAR has participated in the cost of an investigation of the fatigue failure in its rela-

tionship to the strengthening and repair of steel bridge members. A report on this study

appears in one of the recent bulletins and indicates certain facts which should be borne

in mind in strengthening and repairing bridge members. In the same bulletin there is a

progress report on the subject—An Investigation of Electrolytic Corrosion of Steel in

Concrete. I wonder how many structural engineers ever thought that this subject was

of concern to him. These two articles are but typical of many to be found in the publica-

tions of this Association. I am convinced that if the engineer will review these publica-

tions, many suggestions will be found that indicate measures to be taken to meet the

existing shortage of materials.

In closing I wish to quote from a letter written to this Association by Mr. J. M.

Symes when he was vice-president, Operations and Maintenance Department, AAR

—

this letter appears in our Manual of Recommended Practice and reads

—
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This Manual is the personification of the Engineering Division of the Asso-

ciation of American Railroads. It contains the written record of today's standards,

which have been developed by a hundred years of progressive endeavor in meeting

and solving problems of constructing and maintaining the American railroads.

This is the standard on which progress must be based, and by which it will be

measured. (Applause)

President Clarke: Again we have heard a master of his profession present a masterly

report. We are greatly indebted to Mr. Wilson for the information, the suggestions

which he has brought to us.

It is sometimes difficult to think of material used in the construction of buildings

as being in the critical class and yet we have found that timber is one of the most

critical at the present time.

The next speaker, Mr. A. L. Sparks, architect, Missouri-Kansas-Texas Lines, will

review the problem of materials as it arises in connection with the construction and

maintenance of buildings. Mr. Sparks ! (Applause)

Measures to Meet Existing Shortages in Building Materials

By A. L. Sparks

Architect, Missouri-Kansas-Texas Lines, St. Louis, Mo.

Why should we continually worry about the shortage of certain building materials

when there is more than enough of some other kinds of material to keep us busy and

there is such imminent need of catching up on some of the things that have necessarily

been postponed in the last decade for the lack of funds?

True we doubtless would like to tear down many of our older facilities and build

new modern streamlined structures in keeping with the spirit of the times. We had

similar aspirations during and immediately following World War I, but facilities on the

lists for abandonment at that time because they were thought to be worn out or too

small, were never replaced and are still being used, although their maintenance was

either lightly considered or purposely deferred. Regardless of the accepted rules for

computing depreciation, many buildings which, according to figures, should have fallen

down 20 to SO years ago, are still good operating facilities, and with proper maintenance

will continue to be for decades to come.

Most of the older members of the organization have been over the road we are

traveling today and know full well that the prosperity we are enjoying will all too soon

go over the hump and start down again. It would seem well first to carefully consider

putting into the best possible condition the facihties we now have, in view of the fact

that, regardless of our ambitious building plans, we will probably again go through

another decade with many of the same old buildings.

Government permission is not required for maintenance and repairs, providing we

have the materials with which to do the work or can secure them within our regularly

authorized allotment. There is a vast amount of maintenance work which could be done

with non-critical materials.

Much Can Be Done

We can help relieve our future load by catching up on repairs to concrete floors

and pavements, masonry foundations, retaining walls and substructures.
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We can correct defects in drainage and sewer systems, heretofore crowded out by

other construction projects. We can clean and rake the defective mortar joints in terra

cotta, stone, brick and masonry buildings; tuck point them and install new wall caps

and copings; and calk around the windows and doors—all with non-critical materials.

We can repair and waterproof the weathering surfaces of expensive concrete struc-

tures to prolong their life. Most of our buildings doubtless are now painted but there

often exists forgotten rusted and corroding steel which can be cleaned with inexper-

ienced labor and coated with rust resisting and inhibitive materials.

We can renew worn out and leaky roofs with new long-life roofs, using non-critical

materials, and thereby place those unavoidable expensive repairs behind us for many
years to come and protect the valuable wood sheathing and framing. In many cases,

the roof life guarantee has long since run out, and patch upon patch has been applied

until the structure is almost top-heavy. Here repairs can be made and save valuable

wood sheathing and framing, which will be hard to get in the next few years.

Concrete, brick, tile, marble, plaster, composition roofing, glass, sewer pipe and

paint are not restricted. Reinforcing and structural steel shapes and sheet steel lighter

than 18 gage are available. Small quantities of pipe, wiring and hardware are also to

be had so that there is ample material to keep available mechanics continually busy with

maintenance. With the use of such material and other non-critical material it is possible

to construct simple brick and concrete buildings from foundation to finished plaster.

Some war plants have been closed and more skilled building mechanics, especially older

men, are available for employment now than were to be had a year ago.

Some New Construction Permitted

Some new building construction, especially the replacement of burned facilities, is

absolutely necessary and essential to the movement of men and war materials. Govern-

ment regulations and conservation orders provide for such construction.

The March 7th revision of WPB Order L 41 states that permission is not necessary

for the "laying of railroad tracks, together with the construction of necessary operating

facilities, but not including buildings, tunnels, overpasses or bridges". It is understood

that the AAR office in Washington receives interpretations as to what will be allowed

as operating facilities. It is necessary to make formal requests of the WPB for per-

mission to construct other types of buildings involving an expenditure of more than

$1,000 in any one year, except that second hand material and the labor to install it may
be used in addition to the .$1,000 worth of new material.

One hesitates to quote from any current WPB bulletin on just what may be per-

missible today, for subsequent revisions may appear before the ink dries on the printed

reports of our Proceedings. A year ago lumber was obtainable and steel was not; now
steel is obtainable and lumber is not.

The shortage of lumber constitutes the bottle-neck of our present building problem

and no indication of relief is in sight. On-hand stocks of lumber are reported to have

diminished from 17 billion to 6 billion board feet in the last two years, at which rate

present stocks would be depleted in about a year. The mills are handicapped in that

many of their skilled and most productive men have been replaced by others who
have not been trained in the maintenance and operation of the continually wearing

equipment. It is said that war needs will require 70 percent of the nation's normal

annual production. There is no indication of the war needs being diminished soon. Ad-

vancing armies will need more for the reconstruction of devastated docks and camp
facilities in captured territory. It is estimated that about 1534 billion board feet will

be needed for crating ammunition and supplies and mills are now instructed to market

the short pieces of lumber formerly used for fuel. I quote from Instruction WPB-617:
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The salvage of all reusable lumber, not specifically incorporated in a structure,

is mandatory and its destruction is prohibited. Such lumber shall be made im-

mediately available for reuse. Unused framing lumber in sizes 2 by 4 and 2 by 6

shall not be used where other types of construction can be employed and sub-

stitutes are available. Its use is permitted only upon specific authorization of the

War Production Board. The use of boards is prohibited for fencing, sheathing

walls and sheathing roofs. For finish and slatting, the use of common grades of

any kind of wood is prohibited. The use of sub-flooring is prohibited. The use

of wood block flooring is prohibited, except for repair and maintenance of

existing floors of this type.

Must Save What We Have

Obviously the small amount of building lumber we are fortunate enough to secure

in the near future will be precious and should be used sparingly for making sash and

doors and for only the most vital needs. So it would seem that the most important

matter confronting building men just now is the conservation of our own second-hand

lumber piles, for it may be, before the emergency ends, we will be tearing down some

frame buildings and rebuilding them with brick and concrete in order to get form

lumber with which to construct other indispensable facilities.

There has never been a time when so much skill and study was justifiable in the

design of concrete forms as now. The lumber should be so cut and the framing so

constructed that the forms can be erected, taken down and re-erected the maximum
number of times with a minimum amount of waste and breakage. If the war were to

end tomorrow, we would still be facing a lumber shortage for many months. There

would be some reclaimed material from abandoned and dismantled camps and war

plants, but local dealers no doubt would quickly absorb it all to restock their empty yards.

A few months ago a careful search was made throughout all our premises for every

piece of non-essential brass and other metal. Perhaps we could now well afford to make

a very careful survey of every building and structure with a view to locating and

cataloging for possible future use every available surplus or unnecessary scantling and

plank. We no doubt would find second and third-story partitions and framing no

longer used which could be thinned out, or find abandoned file shelving in an attic

here and there. Compiled inventories might reveal surprising possibilities. Some old

buildings constructed of white pine have joists and other timbers which could even be

used for the construction of doors and windows not otherwise obtainable.

Careful consideration should be given to every detail which might create a possible

fire risk, regardless of insurance. Defective chimneys should be repaired or relined and

every effort should be made to keep present buildings in condition to last as long as

possible. House insulation is easily available at small expense and in older buildings it

often serves as a good fire retardent as well as to help conserve the national coal supply.

In conclusion it would seem that the most effective measure we could take would

be to quit crying about the things we can't get, but use the things we can get to place

expensive repairs behind us and to observe our patriotic duty by leaving new lumber

to Uncle Sam for winning the war. (Applause)

President Clarke: We have learned very definitely that a great many things can

be used to rejuvenate buildings, and that we are going to have to use them.

We have also been informed in regard to the many expedients that may be resorted

to, to make available material which is so sorely needed. We are indebted to Mr. Sparks

for the very interesting information which he has brought to us. Thank you.
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The water service department is in a somewhat different category. Many of the

materials and items used in that work are specials, and we think of those as more

definitely in the critical class. It is appropriate that we give consideration to this

important department in the maintenance of the railroads.

Mr. A. B. Pierce, engineer of water supply. Southern Railway, will bring to us

information in regard to this. Mr. Pierce! (Applause)

Meeting the Shortage of Materials for Water Service

By A. B. Pierce
Engineer Water Supply, Southern Railway System, Washington, D. C.

During the war emergency, the railroads have employed many ingenious methods

to cope with the ever increasing water requirements and material shortage.

The installation of automatic electric pumping equipment has saved for the war

effort coal, fuel oil and other critical materials and released coal and oil tank cars. As

this type of equipment does not require an attendant, it has helped to cope with the

manpower shortage.

At many locations, our water requirements had more than doubled and to prevent

serious train delays, changes had to be made at once without requesting priority assist-

ance. A complete survey was made to locate abandoned pipe lines that could be used.

Several miles of pipe and fittings of different sizes were recovered, cleaned and thrown

into service for discharge and suction lines. At Princeton, Ind., we cleaned 5,500 ft. of

4, 6 and 8-in. cast iron pipe and avoided the purchase of new and critical material.

Old abandoned steam pumps and boilers were placed into service at new locations

and used as emergency stations to augment our main water stations, which were unable

to meet the additional water requirements due to inadequate pump capacity or lack

of water at the source of supply. In many cases the use of these old auxiliary steam

plants has prevented the depletion of the supplies at the main stations. If operating

cost is ignored, these old steam pumps are still good, reliable and flexible units for

emergency use.

Use Second-Hand Tubs on Frame Towers

Additional elevated storage tanks had to be installed to meet the augmented

peak water requirements. To overcome this emergency, second-hand tubs were installed

on frames built from lumber salvaged from filled trestles. We changed our standard tank

frame design to enable us to use trestle lumber.

At several water stations it was necessary to construct dams in the creeks to store

all of the water available. At other locations existing dams have been raised and storage

reservoirs enlarged, and all this was accomplished without the use of critical material.

Where new pipe lines had to be purchased, we have used cement asbestos pipe to avoid

the use of critical material. However, it was not long before this type of pipe was

more difficult to obtain than iron pipe. At one emergency water station, we were forced

to use both cast iron and cement pipe in the same long discharge line.

Due to the difficulty in obtaining rubber repair parts for water columns, pumps,

etc., a visit was made to the manufacturers. Considerable headway was made by arrang-

ing to use parts made from synthetics and reclaimed rubber. A leather manufacturer

also advised that he could make substitutes for the parts involving rubber that we were

unable to obtain. We found that we could greatly improve the delivery of repair parts

by accepting iron pistons, cylinders, etc. in place of standard brass or bronze.
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Due to the shortage of pump repairers and the additional work required of them

because of the over-worked pumping equipment, we have supplied these men with

auto trucks. These trucks make it possible to maintain a great many stations with

the same number of repair men, who take with them the heavy repair parts, tools and

helpers. It also makes it possible for them to reach the stations by highways in the

least time possible without working their way through terminals and shop yards in

a motor car. As a further time saver the pump repairers have been furnished with

motor driven tools, such as saws, grinders, pipe threading machines, drills and trench

pumps.

Must Build Some New Stations

We were not always so fortunate as to be able to take care of our increased water

requirements by the use of second-hand material. Complete new stations have been

installed involving deep wells, motors, pumps, new tanks and pipe lines. At one location

where the city authorities gave notice that they could no longer meet our demands,

we drilled three deep wells. Our old original source of water supply and the only one

available had become polluted, prohibiting its use.

We are now drilling wells at several different locations in an endeavor to meet our

increased water requirements and avoid the delays to troop, passenger and freight trains

that have resulted from failure to obtain enough water along the line from small mills.

New and larger pumping discharge lines have had to be installed, together with larger

water columns and water-column supply Hnes to speed up train operation. A flow of

3,000 g.p.m. from water columns was formerly considered ample, but with the increased

traffic and larger tender tanks 5,000 g.p.m. is desired. Motors for the new pumping

stations had to be figured on the basis of 20 percent overload to meet the restrictions

imposed by the WPB.
We have been discussing primarily water facilities for locomotive operation. Due

to the great increase in passenger service involving troop train movements for both

Pullman and coach trains, many new drinking water facilities had to be installed. Exist-

ing water facilities have been enlarged to reduce the time required to water long trains.

All of the coach water systems had to be installed in strict accordance with the specifica-

tions put out by the United States PubUc Health Service. Additional water installations

were also required for freight and passenger Diesel engines. About three times as many

watering points are required for air conditioning and Diesel engines as required for

fuel oil.

Restrictions on Treatment Chemicals

Relative to chemicals for water treatment, the WPB was obliged to restrict the

use of soda ash, alum and tannins, by limitation orders. We were advised that the

railroads would be limited to about 70 to 80 percent of the amount of soda ash used

in 1941. As soda ash is one of the most important chemicals required in water treatment

and as our water requirements were constantly increasing, the matter was ta.ken up

with the WPB with good results.

In July 1942, the WPB issued a restraining order to the effect that alum or aluminum

sulfate could only be manufactured from an inferior grade of Bauxite. Emergency

alternate specifications for aluminum sulfate were adopted by the American Water

Works Association, reducing the alumina content from 17 percent to 14 percent—steps

had to be taken to make adjustments in our treating plant procedure. Some of the

chemical companies by appealing to the WPB each month have been allowed to use

a portion of their high grade Bauxite for the production of 17 per cent sulfate of

alumina and so far we have not been seriously affected.
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In February 1043, the WPB issued a limitation order curtailing the use of chestnut

tannins for water treatment. The AAR called on the Emergency Committee on Water

Treatment to submit a report setting forth the results of such restrictions. The report

requested that the conservation order be modified to permit the railroads to use

chestnut extract for boiler water treatment as a necessary requisite for safe and depend-

able operation but that some percentage of reduction in the amount of chestnut

extract could be made in the various formulas, possibly as much as 25 percent. Further

curtailment of tannins will result in scale formation in cold water lines, injectors, boiler

checks, feed water pumps and heaters and form scale in locomotive boilers.

No Substitute for Water

Many satisfactory synthetics and substitutes have been invented to take the place

of critical materials but so far no one has come forward with a substitute for water.

We may use wood, coal, oil or electricity for producing steam but we still have to

have water. Of course we have Diesel power but we still have to take care of the ever

increasing thirst of our steam locomotives. What I am leading up to is that in addition

to the enormous increase in water requirements brought about by the war effort, our

western district has suffered one of its worst droughts in history. Wells, creeks, lakes

and municipal supplies have been unable to meet our requirements and water had to be

hauled in tank cars to keep the trains moving.

Practically every branch of the railway service has had its problems during this

war and has met them with courage and ingenuity, and the water service department

has endeavored to play its part without complaints or excuses. (Applause)

President Clarke: Possibly in no department has it been necessary to make more

substitutions or to resort to a greater number of expedients than in water service.

We have heard some excellent addresses. As I said, we would postpone discussion until

these had been completed. I am sure the speakers will be glad to answer any questions

and take part in any discussion that may ensue. The meeting is yours.

Sometimes you do such a good job, cover the subject so completely and so

thoroughly that there are no questions to be asked, no discussion seems possible. I am
afraid that is the situation we are confronted with now.

L. C. Alk (J. B. Clow & Sons, Chicago) : I wish to ask Mr. Pierce his understanding

as to the availability of pipe line materials at the present time.

Mr. Pierce: I understand that with respect to cast iron pipe, the situation has greatly

improved, with the possibility of delivery in two or three months.

Mr. Alk: May I comment on that?

Mr. Pierce: Yes.

Mr. Alk: Cast iron pipe can be shipped out of stock, but of course, you have to

have an A-10 priority.

Mr. Pierce: That also enters into the situation. We are not always allowed a priority

rating on cast iron pipe. I understand if we get it, you can deliver.

President Clarke: Are there any other questions?

As I was about to say, I have been delighted with the splendid job which the

speakers have done up until now. Now I wish it hadn't been quite so complete, because

I hoped there might be some discussion which would possibly bring out points which

had not been covered. If there is no discussion, if there are no questions on the addresses

which we have just heard, I again wish to express to each and every one of those who

have taken part in the program and who have contributed so much to this afternoon's

session, thanks on behalf of the Association.
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Wednesday Evening Session

Following a dinner tendered to the members by the National Railway

Appliances Association, on the evening of Wednesday, March 15, the meeting

convened at 7:45 o'clock. W. J. Hanna, president of the National Railway

Appliances Association, introduced those at the speakers' table, following which

he turned the meeting over to President Clarke.

President Clarke: Mr. Hanna, on behalf of the American Railway Engineering

Association, I extend to you our most hearty thanks for your cooperation, help and

support through the past two difficult years. This occasion this evening climaxes the

many things that you have done.

Possibly the railroads have not had all of the problems, but we have had our share.

On no other industry have the demands been so great and, certainly, I can think of

none where failure would have been so disastrous. We can take pride in what has been

accomplished in the record made. The railways were prepared, as no other industry

was, to furnish the transportation needed here at home and at the battle fronts. They

were the first to organize; in fact, they began organizing for this great effort almost

immediately after World War I and continued their preparations until the present

time. They have given freely of their men to the armed service of the nation. They

have contributed many men who could ill be spared, to the railway battalions. Some
have said we have contributed too freely.

We are all familiar with what the railroads and railroad men have done in this

country. We are intensely interested in what has been done across the seas. Many of

our associates are now there and are doing their part to carry forward the war effort

and bring to a victorious conclusion, as speedily as possible, the contest which is

now raging. As yet, little has been told. There is much that cannot yet be told, but

gradually the heroic story is becoming known.

We have as our speaker tonight one who has had experience as an engineer and

maintenance officer here, his last service being as division engineer on the Soo Line.

He went to .\frica with Brigadier General Carl R. Gray, Jr., and has seen active

service in the North African, Sicilian and Itahan campaigns as a member of General

Gray's staff in charge of maintenance activity.

I am very happy to present to you Lt. Col. Ralph E. Sherer. (Applause)

The Contribution of Railway Men to the War Effort

In the Combat Zones

By Lt. CoL Ralph E. Sherer

Engineer Maintenance of Way Officer, Military Railway Service

It gives me great pleasure to represent Major General Charles P. Gross, the army's

chief of transportation, at this auspicious meeting of the American Railway Engineering

Association.

I have just returned to the States after nine months overseas. After operating

single-track railroads with antiquated engines, small, hand-braked freight cars, with no

signal or dispatching system worth the name, no headlights on our locomotives and
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with grades of 2J/2 and 3 percent, I have spent most of the past few weeks renewing

my appreciation of our American multi-track railroads, with heavy power, big cars, air

brakes, low grades, automatic signals and other safety controls. Perhaps you take these

things for granted, . . . but come overseas with me and you'll gain a new esteem for

America's great railroads!

Before I tell you about combat zone railroading, I want to congratulate you men
here who have had a part in the magnificent performance, under all sorts of difficulties,

of our railroads here at home. I read recently that 23,578 freight trains with 1,408,964

cars of freight pulled out of terminal stations here in a 24-hour period, which means

that 59 cars were moved out every four seconds. That's railroading ! I want you to know
that your brother railroaders overseas in Army uniforms and proudly wearing the

insignia of the Transportation Corps, admire and appreciate this all-out effort on

your part.

I hope that you are proud of the record of American railroad men overseas; you

should be. They are making a great name for themselves on five continents! Doubtless

you know of the great record the Military Railway Service made in North Africa and

in Sicily. Our soldier-railroaders are right behind the American Fifth Army and the

British Eighth Army in Italy; they operate the tortuous Trans-Iranian Railway by

means of which Russia receives a great part of its lend-lease supplies. Our men are in

India, Egypt, the United Kingdom, Alaska, Canada, even in New Caledonia in the

Southwest Pacific.

The Military Railway Service

On the chance that some of you are not entirely familiar with the background of

our Military Railway Service, allow me to present a capsule description. This service

is one of the integral parts of the Transportation Corps which, in turn, is one of the

seven technical services making up the Army Service Forces. It is the specific job of

the MRS to operate railroads in combat zones or occupied areas in accordance with

military requirements.

The Military Railway Service was an established peacetime reserve organization.

In 1939 it began to expand. Commercial railroads in this country sponsored the officer

personnel for the railway operating battalions and the shop battalions. Experienced

railroaders made up a good part of an enlisted reserve organization. In this way, some

units of the Military Railway Service were made up in peacetime, while some railroads

promised to sponsor units in the event of war.

Although set up along the usual military lines, the MRS is patterned strictly

upon orthodox railroad organizations. The basic unit is the railway operating battalion.

It is made up of four companies. The headquarters company has charge of dispatching

and supphes. "A" company takes care of signal maintenance and maintenance of way.

"B" company operates the roundhouse and the riptrack, making running repairs to

motive power and rolling stock. "C" company is the actual operating unit, with 50 train

crews in charge of a trainmaster. Our original group, which went across a little better

than a year ago, had 50 train crews, but our new units have only 25. The railway

operating battalion is organized to run a division of about 100 miles of a railroad, and

to keep the rolling stock and the right-of-way in proper repair.

Three or four railway operating battalions, together with a railroad shop battalion,

a base depot company and a mobile railway workshop, make up a typical grand division,

which corresponds in scope and in authority with a general superintendent's office on an

American railroad.
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All rail operations in a major theater are commanded by a headquarters unit with

a senior rail officer, who is the equivalent of a general manager on a commercial road.

The general manager usually serves on the theater commander's staff as director general

of military railroads.

The North African Theater

I am here, as I understand your invitation, to report specifically on the engineering

activities of the Military Railway Service in the theaters of combat. For security reasons

I am going to have to confine my report for the most part to the North African theater

in which, as you know, the campaign against the Axis powers resulted in a stunning

victory for the Allies.

Upon capture of enemy-held territory, the first duty of the MRS, of course, is to

make reconnaissance of rail lines and equipment in anticipation of immediate use to

support advancing troops. The actual rehabilitation of rail lines, construction of new
trackage, repairs to bridges, clearing of anti-personnel mines and enemy demolitions

ordinarily are duties of the Corps of Engineers. But we discovered early in the North

African campaign that more often than not the engineers were all too busy with combat

units to assist in getting the rail lines back in operation in the shortest possible time.

So, from the start, the MRS, in addition to its own engineering activities, began

to assume these additional functions to the end that rail facilities would be in operation

quickly. More than once we surprised tactical commanders by being ready for rail

operation before they were willing to give permission for the advance. Brigadier General

Carl R. Gray, the director general of the military railroads in the North African theater

of operations, and well known to most of you, I am sure, has reported that "at no

time was the railroads' availability for hauling supplies more than three hours behind

the most advanced tactical troops."

Fortunately, due to unexpected good maintenance conditions of the rail lines of

North Africa in the initial stages of the campaign, the "A" companies of the railway

operating battalions could be made available for construction, rehabilitation and mine-

removal work, although under the existing organization they were designed only to take

care of maintenance of line under operation.

The use of railway construction troops, American and British, fell into three general

categories in North Africa. First came construction of a good many depot layouts,

siding extensions, wye tracks, etc., in preparation for the movement of combat troops

and supplies. Secondly, as the campaign developed, these construction troops were

charged with rehabilitation of lines captured from the enemy. Finally, after the achieve-

ment of victory, the original repairs, which were perforce of a temporary nature, had to

be replaced with permanent or semi-permanent repairs in order that the full tonnage

capacity of the lines could be utilized, and in order to place the main trunk lines on an

all-weather basis.

Some of the Units Represented

For security reasons, with which I know you are entirely sympathetic, I am unable

to refer to our MRS units—with the exception of the 727th, which has been mentioned

in Official Orders—by official designation. I am at liberty to tell you, however, that

among the forces available for engineering work, in addition to the engineering staff

from Headquarters and from the headquarters of a railway grand division which gives

allegiance to the Atlantic Coast Line, were: "A" company of the Santa Fe battalion;

signal and communications sections of the same outfit, and from the 727th. Immediately
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after the close of the active Tunisian campaign, due to the arrival of additional units,

there was made available the engineering staff of the New York Central, and Great

Northern Railway grand division headquarters; "A" companies and signal sections of

the Illinois Central, Texas & New Orleans—that's Southern Pacific—and the Missouri

Pacific railway operating battalions.

British engineering troops available throughout the entire campaign consisted of the

engineering staff of the British Transportation troops, plus one headquarters railway

construction and maintenance group, one railway survey company, three railway con-

struction companies, two of the three authorized sections of the railway bridging coni-

panies, two mechanical equipment sections equipped with 5 draglines, IS D7 tractors

with 12 scrapers and 3 A-dozers; 12 D6 tractors with 12 scrapers, and 1 rooter between

them. After the British Eighth Army had joined with our army group in the Tunisian

campaign, two North African railway construction companies with an additional head-

quarters railway construction and maintenance group became available on a liaison basis

through mid-east command, these latter troops being a part of the British Eighth Army.

There is a considerable difference between the present authorized organization of

the British Military Railway Service troops and the American. Because of these differ-

ences of organization and purpose it was necessary for the issuance of an administrative

memorandum which provided a directive making it possible to carry on railway con-

struction, maintenance, and rehabilitation functions of this unified command. The main

difference of organization, insofar as they affect the engineering functions, are these:

In addition to the British military railway service troops comprising transportation and

maintenance of equipment troops, they also have for the specific purpose of handling

all railway construction in the theater, specially organized, trained and equipped railway

construction troops as a part of their railway organization. The British Engineer Corps

is not charged, as is our Engineer Corps, with the responsibility of railway construction,

maintenance or rehabilitation, all railway projects being planned for and constructed by

military railway troops.

Complete Plans Were Made

With the aforementioned directive in hand it was possible to make careful and

complete plans for railway rehabilitation in connection with the campaign of North

Tunisia. Based on priorities set up by our army group, responsibility for individual

lines was assigned to advanced units of the Allied Forces Military Railway Service, and

to the French Military Railway Service, with the result that as the campaign developed,

continual reconnaissance was had of all railway damage. This reconnaissance was re-

ceived in time to make plans for necessary repairs and get forward material and man-

power to carry them out. As a result, is was possible on all of the main trunks serving

the advance to have the lines repaired and ready as rapidly as operation of trains was

requested and permitted by combat commanders.

Because of the distances involved, it became apparent immediately that an advanced

headquarters was necessary to coordinate the advanced Allied interests and provide

immediate action on railway engineering problems arising from day to day as the cam-

paign developed. For this reason, advanced headquarters of the director general. Military

Railway Service, was set up at Constantine, under command of a British officer, to

handle planning for construction and general liaison between American, British and

French Military Railway Service, French civilian railway employees, the army group

commander in the combat zone and the various base and Hnes of communication

commanders, both American and British, in the communication zone.
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The only notable exception to the planning and execution was in connection with

the branch Une between Tabarka and Mateur. In the early stages of the North Tunisian

campaign, we had advised that no effort was to be made to keep that particular branch

in the service. However, rapidly changing events in the last few weeks of the campaign

made it \dtal that this Hne be opened as far as possible in from the Port of Tabarka to

augment the supply lines for the American Second Army Corps. To take care of this

work, an outfit of U. S. Engineers was quickly moved in and repaired the track struc-

tures from Tabarka as far as Nafsa. At the same time, the Military Railway Service

mechanical and transportation troops from the American section repaired and placed

in service the single engine which was at Tabarka in time to perform valuable supply

transport service in the critical days before the fall of Mateur. Subsequently, the bal-

ance of the line—from Nafsa to Mateur—was repaired and placed in service by British

and American Military Railway Service troops.

Construction Work

In the early stages of the operations in the North African theater the area from

Algiers east, including the Algiers port, was largely one of British control, and from

Algiers west, including the ports of Oran and Casablanca, under American control. A
large amount of the depot construction in the area Algiers east was initiated by the

British services, while the depots west of Algiers were intiated by American services.

With one or two exceptions, all of the depot track work, inclusive of Algiers and east

to the combat zone, was constructed by Military Railway Service troops, British and

American, and with few exceptions, all of the depot trackage west of the Algiers region

was constructed by U. S. Engineer troops. During the campaign there were approxi-

mately 32 such projects constructed by American Engineer troops; these embraced about

19 miles of track and 84 turnouts. The Military Railway Service troops constructed

trackage for approximately 61 projects consisting of 47 miles of track and 198 turnouts.

Requirements for construction and rehabilitation of railways recovered from the

enemy in the combat zone was much less than was anticipated and planned for. This

was particularly true in the North Tunisian campaign where the final collapse of enemy

troops was so sudden that apparently there was not time to execute contemplated demoli-

tion plans. In most cases it was possible, with relatively light repairs, to utilize existing

track facilities for. railhead requirements. While enemy demolitions resulted in consider-

able damage to tracks and station facilities between Kasserine and Sousse, and while

considerable minor damage to tracks and facilities were caused by craters and occa-

sionally direct hits from artillery fire, for the most part the greatest damage was done

by our own bombing forces prior to enemy retirement. This damage was particularly

serious in the large port areas such as Bizerte, Tunis and Sousse. As was, of course,

anticipated, the principal damage to track and structures, which required the heaviest

construction work, was to bridging. While obstruction to rail traffic resulting from

enemy demolition of bridge structures was not nearly as great as was anticipated, never-

theless throughout the campaign upwards of 65 bridge structures were damaged or

destroyed in the whole Tunisian area, ranging in length from small 10 to 12-ft. openings

up to long openings of 250 ft. or more. Fortunately, the bulk of such damaged
structures was small and subject to rapid repairs.

After final capitulation by the enemy, all remaining lines in Tunisia were rapidly

opened up for temporary operations, the first train being run into Tunis on the main
line on May 13. By May 31, all lines were in service with the exception of the spur

from Graiba to Gabes, which was not needed at the time.
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Permanent Work
As soon as all lines needed for traffic in Tunisia were opened to operation, consid-

eration had to be given to essential permanent repairs to replace the many temporary

arrangements that had been made to hasten the opening of the line. This was of

paramount importance because in several cases where large bridges were badly blasted,

it had been necessary to construct low-level detours without adequate drainage struc-

tures. In view of the fact that the rainy season could be expected to set in in earnest

shortly after September 1, immediate steps were taken to carry out essential permanent

repairs. A conference between the Allied Forces Military Railway Service, French Military

Railway Service, and civilian railway officials to determine priorities for and execution

of the essential projects resulted in a division of Tunisian railways into three recon-

struction areas. All of the standard-gage, plus the narrow-gage line from Tunis as far

south as Enfidaville, were set up as an area to be handled by the British section of the

Allied Military Railway Service; the narrow-gage line from Tebessa to Tunis was

allocated on the same basis to the French Military Railway Service, and all of the

Tunisian railways south of Haidra and Enfidaville, to the American section of the

Allied Military Railway Service.

Some Examples of Bridge Work
I shall not attempt to describe all of the bridging repairs accomplished by the

Military Railway Service although, because of the nature of your interests, skills and

occupations, you doubtless would be interested in the details of each project. Since our

time is limited, I shall review briefly several of the more important cases:

During March 1943 a reconnaissance was made of the C.F.T. Ry. meter-gage line

from Kasserine east toward Sousse which developed that track damage was light and

a number of bridges badly demolished. Case histories run like this:

Bridge No. 4—Km. 5 east of Kasserine, consisted of two 107-ft. through steel truss

spans on masonry abutments and masonry center pier, with maximum height of 55 ft.

above stream. Demolition accomplished by the Germans. The top of pier was blown off,

causing the ends of the two spans to fall into the gap, resulting in injury to two panel

lengths of each span and other minor damage. Due to difficulties of repairs and urgent

need of the line, it was decided to construct a deviation (shoo-fly) parallel to existing

main track. Due to high fill and relatively rough country, this deviation was slightly

in excess of one mile in length crossing the stream on a 35-ft. fill, with four timber box

culverts installed to handle stream flow. This work was done by a U. S. Army Engineer

unit, except that grading was done by a British Railway Service grading unit using

its specialized grading equipment. Construction of the deviation was started March 22,

1943 and completed for traffic April 4, 1943. As the timber box culverts installed were

inadequate to take care of flow during the wet season, and as there already had been

one washout which delayed traffic to some extent, permanent repairs to bridge were

rushed, the repairs consisting of replacement of the top of the center pier, raising the

two damaged trusses to normal position and repairing the damaged steel, using steel

salvaged from a similar structure damaged at Bridge No. 9. Bridge repairs and deviation

maintenance were handled by the B. & B. platoon of "A" company of the Missouri

Pacific railway operating battalion and "A" company of the Texas & New Orleans railway

operating battalion. The ground surrounding this bridge was heavily impregnated with

anti-personnel mines, making repairs more difficult and extremely hazardous. The repairs

were completed about September 10, 1943.
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Bridge No. 9 at Sheitla, consisted of two 107-ft. through truss span on a masonry

pier and abutments, with a maximum height of 30 ft. above stream bed. Retiring

German troops demolished the west abutment, causing the west span to drop into stream

bed and damaging four panels of span. The difficulty of repairs and urgent need of the

line necessitated the construction of a half mile of shoo-fiy, which crossed the river

on a iS-ft. fill with twin timber box culverts installed to take the summer flow. Grading

was done by a mechanically-equipped grading unit of the British Military Railway

Service and the culverts were installed by "A" company of a general service engineer

battahon, U. S. Army. Work started April 11 and was completed April 17, 1943. Unseason-

able rains, which caused several washouts of deviation due to inadequacy of temporary

waterway, with resulting delay to traffic, made it necessary to rush permanent repairs.

The building and bridge platoon, Santa Fe railway operating battalion, started dis-

mantling the span on June 20 and completed their work on July 8, 1943. Material

salvaged was used for the repair of Bridge No. 4. The French Military Railway Service

constructed a trestle pier and placed two 65-ft. girder spans recovered from other points.

The French started work on July 15 and bridge was opened to traffic on August 14,

1943. The track platoon of the T. & N.O. battalion relaid track and removed the deviation.

Bridge No. 12

Bridge No. 12—11 km. east of Hadjeb-El-Aioun, consisted of eight 123-ft. through steel

truss spans on masonry abutments and piers except the center pier of tubular rein-

forced concrete, with a maximum height of 45 ft. above river bed. Retiring German

troops completely demolished the tubular reinforced concrete center pier, causing damage

to the end posts and end panels of two adjacent trusses in falling into the gap. The

third span from the east end was cut near the center and dropped into the gap. The

difficulty of repairs and urgent need of the line necessitated the construction of a shoo-fly

approximately 1^ miles long which crossed the stream on a 6-ft. fill, with 6 lines of

27-in. diameter concrete culvert pipe installed to handle the summer flow. The deviation

was constructed by "A" company, Santa Fe railway operating battalion, assisted by

"F" company of a general service engineer battalion, U. S. Army; A French Military

Railway Service company, two British Military Railway Service bridging sections and

one British Military Railway Service grading section. Work was started on April 18

and the line was opened for service May 1, 1943. Unseasonable rains caused several

washouts with resulting delay to traffic and the matter of permanent repairs was rushed

to prevent similar delays in the rainy season. On July 5, 1943, "A" companies of the

Illinois Central and T. & N. O. railway operating battalions started construction of a

reinforced concrete pier 48-ft. high and the repair and replacement of damaged steel in

Spans 4 and 5. Involved in this work were 150 cu. yd. of earth excavation, 30 cu. yd.

of concrete removal, 260 cu. yd. of reinforced concrete in the new pier, the erection of

10 tons of steel, driving of 1,000 rivets and 100 lin. ft. of electric welding. Steel for the

repairs of Spans 4 and 5 was obtained from demohshed Span 6. Work was completed

on September 6, 1943.

The building and bridge platoon, Santa Fe railway operating battalion, was as-

signed the work of replacing Span 6, which was started July 15. The broken span was

lowered to the ground and dismantled. The new work consisted of placing an additional

steel tower on a concrete foundation and the launching and placing of two 65-ft. girder

spans, all of which were furnished by the French military. Quantities involved in this

work consisted of: 57 cu. yd. of earth excavation, the driving of 38 foundation piles,

52 cu. yd. of concrete in the tower foundation, the erection of 45 tons of steel, and the

dismantling of approximately 30 tons of steel. Derrick poles and temporary trestling
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used during the installation of the spans were secured from British troop store at

Guelma. Other equipment used was furnished by the railway operating battalions. Work
on Span 6 was completed August 21, 1943. The track platoons maintained the deviation

during progress of work and upon completion removed the deviation trackage and

opened the waterway.

Bridge No. 13—14 km. east of Hadjeb-El-Aioun, consisted of three spans of masonry

arch design with a 37-ft. spacing of the two masonry piers. Demolition by retiring

German troops consisted of complete destruction of the center and east arches, and the

cracking of the west arch. Repairs to the structure were made by the use of British

standard military steel railway bridging, using the two-by-one bay steel bolted trestling

and three 40-ft. light-type bolted bridges, the middle span being flame cut in the field

to fit centrally over the piers. The two end spans were allowed to extend beyond the

abutments. All the material was hauled cross-country by truck from Oued Keberit, in

order to complete this project at the same time that other projects in vicinity were

completed. The tops of the damaged piers were leveled down to a point where piers

were found to be sound and steel trestle piers erected. The three steel spans were assem-

bled on the track at one end of site and rolled on dollies into position and lowered in

place. Work was carried on by the building and bridge platoons of the Santa Fe and the

727th railway operating battalions, and two units of a British railway bridging com-

pany, with some assistance rendered by units of a French Military Railway Service

company. Work was started on April 20 and completed April 30, 1943.

German Demolition Work Poorly Executed

These cases, gentlemen, are highlights, it is true, but they typify the work we did

in this campaign. They reveal, moreover, a gross error on the part of the Germans

—

an error that never ceased to amaze and puzzle us as we encountered it in the theater.

We had come to believe that German demolition was invariably as complete as it was

savage. But such was not the case. Indeed, railway demolition by the retiring German

forces was, as a whole, poorly executed. In many instances, large critical structures were

left undamaged. Had they been demolished, reopening of important lines would have

been delayed for long and costly periods. On the other hand, we found on numerous

occasions that bridges of minor importance had been blasted to smithereens by excessive

and unjustified mining. On many of the lines—the one running from Tabarka to Mateur

is a notable example—it appeared that demolitions of railway bridges were aimed at

rendering them useless for motor transport and not at knocking out rail service. Cer-

tainly the enemy's railway demolitions were carried out in this theater under the direc-

tion of officers who had no railroad experience. The result was, I am happy to report,

that the enemy accomplished no really effective blocking of essential rail lines, with the

possible exception of the one between Haidra-Kasserine-Sousse and Kasserine-Gafsa.

While bridge demolitions by the enemy failed to measure up to the reputation of

their perpetrators, his land mine activities caused the Military Railway Service no end

of trouble. During the North African campaign, various units of the MRS were con-

fronted with the problem of handling land mines with booby-trap connections, which

had been planted with an extravagant hand along the railroad right-of-ways and all

that they included—telegraph, telephone and signal lines, bridges, buildings, etc.

From our early encounters with the land mines, we learned to our sorrow that

neither the British nor the American Military Railway Service troops had been trained

adequately or cautioned sufficiently about detecting and removing these death-dealing

instruments. Discovery and removal of these mines delayed repairs to railway com-
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munication lines, tracks and bridges, as workmen had to be constantly on the lookout

for them.

For locating field mines and booby-trap connections the latest type mine detector

was used. It was impossible, however, to use the mine detector between or close to the

rails because of the magnetic effect of the steel on the instrument. However, the detector

proved valuable in the locating of mines along the right-of-way and in and around

buildings and bridges.

Anti-Personnel Mines

Around practically every major structure that was demolished, the terrain was

thickly sown with anti-personnel mines, particular attention being paid to all paths

and places where workmen would be likely to go in making repairs. Furthermore, in

many of the territories, anti-personnel mines were sown thickly along the shoulders of

railway embankments, particularly at points where track had been damaged.

Before undertaking any repairs, it was necessary to obtain assistance from engineer

mine clearance troops at a time when they were extremely busy clearing areas for the

combat troops.

It was necessary at times to do a certain amount of mine clearance work with the

railway troops. They, of course, did not have detection equipment and had to locate

mines by probing with an ordinary pointed stick. On one track section between Tabarka

and Mateur, stick-probing turned up 64 anti-personnel mines from the shoulders of

the railway embankment in one day.

On the Mateur-Tabarka line, one of the most heavily mined fields in North Africa

was encountered in the vicinity of Jefna. German shrapnel mines were found every day

along and near the track. The British lost four men, and numerous other units lost

men almost daily, due to mines near the track. When the Santa Fe "A" company came

onto the Tabarka line, it brought detectors, and while it remained, no men were killed

or injured.

The Santa Fe railway operating battalon signal section encountered numerous mines

between Mateur and Beja and Ferryville. The "A" company of the same outfit encoun-

tered many German "S" shrapnel, anti-tank and feller-mines on the Kasserine-Sousse

line, particularly at Bridge No. 13. All approaches of this bridge were heavily mined

and while the area was supposed to have been cleared prior to the arrival of "A"

company, numerous mines were found and removed.

The signal section of the T. & N. O. railway operating battalion found several

mines along the telephone line in the Akarit mine field while repairing the Hne between

Sfax and Gabes. These dangerous devices were found in many other areas, and now
and then claimed lives.

Dealing with Track Mines

During the Tunisian campaign, the method employed to detect track mines was to

operate a special test train with the engine pushing cars loaded with rock or other heavy

material and deliberately exploding them. Where any great number of track mines are

placed, this is a slow and cumbersome method and might well delay the opening of a

line considerably, due to the fact that all trackage must be repaired before the train

can proceed. Furthermore, there is no assurance after the test train is run that all track

mines have been cleared, since delayed action mines used by the Germans operate on

time mechanisms delaying pressure explosion up to 21 days.
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The question of track mines is being thoroughly studied at the present moment.

Our early experiences with mines led to the adoption of a program of thorough instruc-

tion to all railway troops on detection and handling of anti-personnel mines.

Selected officers were sent to army schools to obtain the latest information and

instruction from American, British and French experts in mine warfare, and returned

to their units to impart to their men their new found knowledge. The assistant engineer

of maintenance of "A" company of each railway operating battalion was appointed

officer of mines for his unit and arrangements are being made now to train four or

five selected men from each "A" company to be trained as mine detection men. These

groups will be used to mop up mines in construction areas where engineer mine clearance

troops are not available.

There are many things in which I know you would be intensely interested, but

which I have no time to tell, or which for good and sufficient reasons I am unable to

tell. About our operations in Italy, I can say only that our director general—General

Gray—is held responsible for the "rehabilitation, technical development and operation

of all Italian State and privately-owned railways". There he has at his disposal, as he

had in North Africa, American and British railway transportation troops, as well as

some Italian transportation troops. Conditions are far different than they were in North

Africa—the enemy has become a great deal more thorough, more expert and more

determined in his program of demolition and destruction. But our Military Railway

Service has yet to find an obstacle too difficult to surmount, if not in orthodox fashion,

then by squeezing out of "necessity" whatever "invention" is necessary to reduce the

insuperable to the negotiable.

Are Good Soldiers

You may be certain that wherever our battle lines move, the Transportation Corps'

Military Railway Service will be in the thick of things, achieving new triumphs in rail

building, maintenance and operation. These men are good soldiers—as good soldiers as

they are railroad men, and there are no better railroad men to be found. Eight of our

officers and five enlisted men have been decorated with the Legion of Merit. Six officers

and 18 enlisted men have been awarded the Soldier's Medal. One enhsted man has won

the Silver Star, and one officer has been appointed an Honorary Officer of the Military

Division of the Most Excellent Order of the British Empire. All told, there have been

39 decorations for these railroadin' soldiers since the first of them landed in North

Africa hardly a year and a quarter ago.

These men have kept our combat troops supplied; they've built cars—whole trains

—out of practically nothing; they've evacuated thousands and thousands of sick and

wounded; they've operated locomotives on salt water; they've fired with cork; they've

built rail lines, telephone and telegraph lines; they've repaired bridges and equipment that

in many instances was older than the workmen; they've done more than they've been

called upon to do and they've done it well. Sometimes they've been under fire; sometimes

they've been bombed or strafed. But they've never failed to come through—if not always

quite "On Time", certainly "In Time".

I doubt that if anywhere in the Army, or in the Navy or the Marine Corps or in

the Coast Guard, it would be possible to find better morale than in the Military Railway

Service. Banded together originally by that unbreakable bond that makes all railroaders

brothers, they have been drawn even closer by the flaming spirit of the young but

virile Transportation Corps. You have got to believe in, you have got to back, you have

got to be proud of men whose motto is:
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We're still working on the railroad,

Never mind the shot and shell

—

We'll run this train through to the front

Or run it straight to hell

!

President Clarke; We certainly have a much better picture of the job our fellow

railroad men are doing behind the battle fronts, than we had before. It has been told to

us by a man who has been there and who knows the story. We understand and we cer-

tainly agree that many things cannot yet be told. As illustrative of how close these

troops sometimes are to the front, Colonel Sherer remarked to me, while we were eating,

that not only were our troops engaged in reconstruction work, as he has described, but

at times, when the tide of battle goes against us, our men are engaged in demolition

work, and the Colonel intimated that he believed they were doing a more thorough job

than was the enemy.

For a little while I was afraid it was going to be a good deal like some of the things

that we are used to, repairing washouts and burnouts, and so on, but we know now that

those men are working under very different and very much more difficult conditions.

They are facing danger at all times.

There is one thing they have, for which probably we rather envy them, and that is

abundant force. Illustrative of that, I might mention a little incident that occurred not

long ago with a group of Army men that were being trained in a minor way on the

Burlington—not a railroad battalion but a small, special group who were to have some

special railroad training.

They borrowed some rail and ties, began building track, and then tore it up, and

then built it again, and so on. Finally, one of our officers noticed that, and he said,

"Why don't those fellows get out on the track and get a little real experience?" That

was arranged. We did our best to give them an opportunity to get some experience.

They did some very worth while work.

One morning, when it was zero or a little below, the general superintendent hap-

pened to be at this particular point where they were, and he said to the sergeant in

charge, "Pretty cold this morning. Sergeant. Maybe the boys wouldn't like to come out."

The sergeant looked at him in blank amazement and he said, "Mister, when I blow

this whistle, the men come out." (Laughter)

The general superintendent sent me a requisition for 1,000 whistles. (Laughter)

Colonel Sherer, we are greatly indebted to you for a very interesting, a very

instructive evening. We appreciate it and we thank you. (Applause)

Mr. Hanna: Gentlemen, I am sure we enjoyed both the Colonel's and Mr.

Clarke's talks. We are very happy to have had you with us tonight and hope you enjoyed

it as well.

This concludes our program.
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Report of the Tellers

(Presented Wednesday Afternoon, March IS, 1944)

We, the Committee of Tellers, report the following as the result of the count

of ballots:

For President:

F. R. Layng 966

For Vice-President:*

J. B. Akers 981

For Directors (Three to be elected):

W. H. Penfield 50S

C. H. Mottier 462

J. E. Teal 382

S. E. Armstrong 326

Barton Wheelwright 295

C. C. Williams 277

H. A. Cassil 263

I. H. Schram 227

J. F. Leonard 194

Scattering 1

For Members of Nominating Committee (Five to be elected):

C. A. Knowles 620

C. H. Blackman 608

G. M. O'Rourke 567

E. C. Vandenburgh SOS

L. H. Laffoley 487

J. B. Myers 461

W. J. Hedley 458

B. W. DeGeer 426

P. O. Ferris 416

H. L. Stanton 312

Scattering 2

Respectfully submitted,

The Committee of Tellers,

R. C. Bardwell, Chairman H. F. King R. W. Seniff

B. T. Anderson O. E. Mace R. M. Stimmel

F. J. Bishop H. L. McMullen R. A. Van Ness

H. J. Bogardus R. A. Morrison R. E. Warden

C. H. R. Howe G. W. Payne G. R. Westcott

S. C. Johnson L. S. Rose

* Under the provisions of the constitution Mr. A. A. Miller advances automatically from junior
vice-president to senior vice-president.
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The Railways Look Post-War

Another special feature, of the program was the discussion of the post-war

outlook of the railroads, which occupied the time from 9:4^ to 11:25 on Thurs-

day morning. Both Mr. Ralph Budd, president of the Burlington Lines, and

Mr. C. E. Smith, vice-president of the New York, New Haven & Hartford

Railroad, were invited to discuss phases of the future outlook, hut owing to

unavoidable circumstances, Mr. Budd was at the last moment unable to meet

his engagement.

President Clarke: A great deal has been said about post-war planning. Innumerable

organizations, committees and individuals are engaged in that particular activity at the

present time. We have also recognized the necessity of looking ahead in our program.

If you noticed the program carefully you saw a subheading, "The Railways Look

Post-War." But looking ahead is no new undertaking or venture on our part. We have

been looking ahead for a number of years, and one of the most constructive things

which we have been doing is the work of our Committee on Cooperative Relations

with Universities. A great deal depends on the young men entering the railway service,

on their training and their preparation for the responsibilities which may later be theirs.

(The remarks made in the presentation of the report of the Committee on

Cooperative Relations with Universities will be found on page 616 in the "Discussion".)

As we planned the program for this meeting, it was our effort to bring to you

speakers, authoritative in their fields, especially qualified to present information and

present it in a forceful and emphatic way.

In thinking of the session this morning, the one in which we attempt to look ahead

for our industry, one railroad officer occurred to us as best qualified to do the job we

wanted done. He is a regional chairman of the Committee for Economic Development,

headed by Mr. Paul Hoffman of the Studebaker Company. I am sure you all know of

that committee and the work which it is doing which, for lack of a better name, we call

post-war planning.

He has taken a very active interest and a very constructive part in the work of

that committee. I know he has given a great deal of time to it. He is also internationally

known as a railroad executive. I am speaking of Mr. Ralph Budd, president of the

Burlington Lines.

He accepted our invitation and expected to be with us until yesterday, when we
received a message from him expressing his regret that he could not be here and giving

as his reason, which we well understand and which certainly is a good one, that is he

was in New York at that time and was staying there to attend the funeral of Mr.

Eastman.

We regret that Mr. Budd cannot be here. I need not tell you it was a great

personal disappointment to me, and it left a gap in the program which seemed difficult

to fill.

However, part of the training of a railroad engineer is to meet emergencies. How
well we do that determines to some extent, at least, how successful we may be. For-

tunately, we have in our own membership a man well qualified to fill the gap. I think

you all know, also, of the committee called the Railroad Committee for the Study of

Transportation which is headed by Judge R. V. Fletcher, vice-president of the AAR,
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and which now, for some 18 months, has been attempting to think ahead for industry.

Very little has been published in regard to the work of that committee as yet, but a

great deal of work has been done.

One very active member of that committee will now speak to us. And when, in the

same man, vision, foresight and imagination are combined and tempered by common

sense, judgment and hard, practical experience, we can expect to receive advice that is

worth listening to.

It is a pleasure to present to you at this time one of our own members and one

of our directors, Mr. C. E. Smith, vice-president of the New York, New Haven & Hart-

ford Railroad, in charge of purchases and stores, but who, for many years before taking

up that activity, was an outstanding engineer. Mr. Smith ! (Applause)

The Challenge to Engineering and Maintenance Officers

By C,"E. Smith

Vice-President, New York, New Haven & Hartford Railroad

President Clarke, Wonder Workers and Future Presidents and Vice-Presidents of

the American railroads: Modesty prevents me from denying any part of your intro-

duction: (Laughter) How else could I address you than as wonder workers, after all

I have heard here the last two days of the jobs you have been doing and how well

you have been doing them?

Future presidents and vice-presidents—I am serious. I wonder how many of you

know, notwithstanding that employees of the engineering and maintenance of way

departments constitute a very small percentage of the personnel of the American rail-

roads, over a long period of years one-third the mileage of American railroads has been

continuously headed by engineering college graduates. Think that over ! Another third

is headed by graduates of colleges, from other courses, and the last third is headed by

men who brag of being graduates of the school of hard knocks. I say they are merely

graduates of the school of hard knocks because, of course, these college graduates who

rise to the top are also graduates of the school of hard knocks.

Now, cast your mind over the American railroads for a few moments and think

of the presidents, Messrs. Clement, White of the Lackawanna, Woodruff, Bucholz, Bald-

win, Budd, Denney, Mercier—I have about a third of the mileage right there.

For about 20 years I have had a hobby; I take down about once a year or once

in two years, when I have a little leisure, the Pocket List of Railroad Officials and list

the presidents, and then I take down Who's Who in Railroading and find their

background.

It is surprising how that three parts has become almost orthodox. It is rather

surprising to me because, in all my railroad career, I have been bumping up against these

graduates of the school of hard knocks and have heard many slurring remarks; I don't

know from how deep they come, but I remember back on the Missouri Pacific it was

quite the custom for these hard-knocks graduates to talk about the algebra lads and

the blue print boys. And, believe it or not, I heard a railroad president at St. Louis,

only a few years ago, throw his head around like a mad bull and say, "I wouldn't have

an engineer on my railroad system if the Interstate Commerce Commission didn't need

so many blue prints." (Laughter) But he had an engineer as assistant to the president,

nevertheless, because he needed him.

So, when I say "Future Presidents and Vice-Presidents", I am serious. I imagine

there are some future presidents and vice-presidents of American railroads in this room

today. Keep right on trying and get there.



Address of C. E. Smith 567

University Students Should Be Informed

That leads me to another thought I am bringing in a little more elaborately later,

that we have a job which is suggested by the recent report of the Committee on

Cooperative Relations with Universities, to seek out opportunities, to go to colleges

and talk to groups of college students, tell them the railroads' story, tell them these

opportunities that we know are here for them. We don't do enough of it.

I don't need to tell you that I am highly honored to be privileged to participate

in this program. I value my membership in the AREA, extending back over 35 years,

very highly. I have been on the program several times and I always thoroughly enjoy it,

much more, I am sure, than my listeners can.

I am glad, however, that my subject relates to post-war because it would be difficult

to conceive how the effects of war conditions on engineering and maintenance officers

could have been covered more adequately than has been done on this program to date.

President Clarke and Program Chairman Howson, the AREA salutes both of you for

a fine job well planned and well administered. It is just the kind of result we might

expect in an organization which has been performing miracles for several years and

which will be expected to continue to perform miracles not only during the continuation

of the war but in the post-war period as well.

I am honored, also, to be on the same program on which Mr. Budd was scheduled

to speak. His absence creates a void that cannot be filled. He is one of the clearest

thinkers in the railroad and business world. His thoughts are well worth while. I am
sorry we must miss them. I had the pleasure, while Mr. Budd and I were both at

Washington engaged in different activities for the government, of advising with him

from time to time on our material and equipment problems, much to my pleasure

and profit.

A Job for an Optimist

Only an optimist can speak of post-war conditions now. Although only a few months

ago many were predicting an early end to the war, sentiment seems to have changed,

and now it appears that we may have a tough job ahead of us. But that should not

deter us from preparing for conditions in the post-war period, whenever they may be.

I heard one of the best stories last night about the length of the war by a young man
a member from the Southern Railway.

He said a Georgia soldier from the hills was asked how long this war was going

to last. He said, "About six years. One year to defeat the Germans, the second year to

defeat the Japs, and four years to get the damn Yankees out of the South." (Laughter)

On June 24, 1940, in response to the inquiry "Are the railroads ready to handle

increased traffic in case of war?" I spoke at a luncheon meeting of the Bridgeport

(Conn.) Chamber of Commerce under the title: "Transportation Preparedness for Na-

tional Emergency, Roll Call—Railroads—Ready." The performance of the railroads to

date bears testimony to the correctness of that appraisal of their preparedness, notwith-

standing gloomy forebodings and criticism. That performance has been due to the finest

example of forward planning and of cooperation between shippers, passengers, and

representatives of government and railroads. The first challenge to engineering and

maintenance officers, and, indeed, to every railroad employee, is to do everything that

is possible to continue this cooperation. Nothing is more important.

Materials Administration in Good Hands

Notwithstanding one emergency after another in materials, equipment and man-
power, engineering and maintenance officers have successfully met every challenge so
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far. In spite of many tight situations, the supply of maintenance materials was so

reasonably adequate that there arc no seriously critical shortages that cannot be cleared

up within a relatively short time. Maintenance of way equipment promises to be more

readily available in the not distant future. Restrictions on construction have already

been ameliorated to some extent. The presently troublesome man-power situation offers

the most urgent challenge right now.

Our cross tie situation continues to be sick, and I was sorry to hear yesterday from

Albert Mann that more doctors may be prescribed for that sickness. We hope they will

discharge all the doctors and let the tie situation get well.

Many of the problems and accomplishments referred to by President Clarke, Vice-

President Symes of the Pennsylvania, and Vice-President Mann of the Illinois Central,

doubling as Director of the Transportation Equipment Division of the War Production

Board, and other speakers, were with us before the war and will be with us after the

war, differing considerably in degree, of course, if not in kind.

I am happy to have this opportunity to pay tribute to the excellent job that has

been done by the Transportation Equipment Division of the War Production Board in

enabling the railroads to secure the critical materials that has made possible their fine

record of performance. Although we didn't get all we wanted, if we didn't have enough,

we couldn't have done the job.

Mr. Mann was preceded as director by Mr. L. L. White, chief operating officer of

the Chicago & North Western, and he was preceded by Andrew Stevenson who organized

the Transportation Equipment Division. Another member of our association, Mr. W. W.

Kelly, general purchasing agent of the Santa Fe, was director of materials and equip-

ment of ODT. Other members are helping in the war effort. By the combined efforts of

all, we have gotten to the point where we are now. If Albert Mann's forecast of pos-

sibly 2,100,000 tons of new rail, with accompanying track materials, are forthcoming in

1944, nothing less than orchids will be in order for that organization.

When I told our chief engineer and engineer maintenance of way that I was going

to speak here today on the subject: The Challenge to Engineering and Maintenance

Officers, they replied, "What challenge?"

To me, that represented the true spirit of railroading. What challenge is there that

we cannot meet? Are there still any doubting Thomases? For heaven's sake, what will

it take to convince them that we can meet any challenge? If they are not convinced

after the way in which one unexpected challenge after another has been met so far,

then they cannot be convinced. But that presented a problem to me. How am I to

present a challenge to such self-reliant railroad officers?

It is much safer now to predict that the railroads will successfully handle all traffic

' for the remainder of the war than it was to predict four years ago that they could do

what they have done. Barring exceptional circumstances not now anticipated, the rail-

roads will successfully complete the greatest transportation job in history. They were

. indeed "Ready" when the roll was called.

Others Are "Planning"

Your president, Mr. Clarke, has mentioned the Committee for Economic Develop-

ment, of which Mr. Budd is an important member. There are many other committees

and organizations which are studying post-war indications. The most flamboyant, pos-

sibly, was the National Resources Planning Board, which published a series of mono-

graphs by individual writers on so many subjects that it appeared they desired to make

over the world. The most significant feature of their publications was the statement of

the board, published in some of their books that the views expressed were those of the
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individual authors and were not necessarilj' endorsed by the board. I have told many

men that I didn't have time to read those monographs and papers, unless the board

stood behind them. Congress summarily terminated the existence of that board several

months ago and ordered its papers put away in the federal archives, whatever that may

mean. But this board, fortunately, and its social and global planning are no longer in

existence.

But there is much talk of the continuation of deficit spending, full employment,

federal housing, public works and relief and rehabilitation of the world. The latter

reaches to what appears to me to be ridiculous heights. I can't get myself to believe that

130,000,0,00 people of the United States can so share their substance as to raise the

standard of living of two billion people throughout the earth. Yet that is the plain

impHcation of much of the planning that is under way. I cannot believe that the govern-

ments of other peoples will consent to our meddling in their affairs after the war, except

as Santa Claus, and I think we will soon tire of that role.

For years. Christian missionaries labored with the heathens of Africa. They suc-

ceeded in putting outmoded tall hats and tail coats on them. And now we are all

hot and bothered about shipping them diapers, so they can have clean loin cloths every

day. We are working now on the other end. (Laughter)

Some Examples from World War I

In a way, this talk is not much different from the talk during and immediately

after the first world war. I was located in Washington, in the headquarters of the

Construction Division as section engineer. In that section, layouts, plans and estimates

were prepared for new projects and enlargements, at the request of the war staff. We
completed estimates for about 30 million dollars to build Fort Benning, Columbus, Ga.,

and to enlarge motor transport shops at Camp Holabird, Baltimore, Md., and artillery

Camp Bragg, at Fayetteville, N. C. about one or two months after the armistice had

been signed.

At the same time we were proceeding actively to salvage other camps. I threw the

three files, as they came to me in December 1918, and January 1919, into my bottom

drawer, and there they stayed until one day a gentlemen with a big, broad brimmed,

black hat and a Prince Albert black coat and cane, came down the hall hollering in

stentorian voice, "Where's Major Smith's office? I want to see Major Smith."

I was honored by a call from Senator Hoke Smith of Georgia. He said, "I am
told that the papers on Camp Benning have reached you."

"Yes, they have, Senator."

"And there they have stopped."

I said, "That is correct."

"How long have you had them?"

I said, "About a month."

"Why didn't you send them up to the Chief of Staff through your general of the

Construction Division?"

I said, "Why, Senator, the war is over. Have you heard about it?"

He said, "I am working for Georgia, young man, and this Camp Benning is going

to be built."

And it was built at a cost of 8 or 10 million dollars about 1919-1920, after the

World War. At the time of the armistice, we had let one contract and were building

the spur track in there from the main line to the site of Fort Benning.

About three weeks later, General Marshall (not the present one but General R. C.

Marshall), chief of the Construction Division called me in and said, "Major, have you

seen anything of the papers on Camp Holabird?"
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I said, "Yes, they have been in my desk."

"How long have they been there?"

"A month or six weeks."

"What are you holding them for?"

"General, the war is over. You are not going to do that kind of work, are you?"

"You go up to see General Drake, chief of motor transport and see if you can

convince him that we are not going to do that kind of work."

Up I went. General Drake took me up one side and down the other. I said, "Yes,

sir; yes, sir." I was trying to get a discharge and get out.

He said, "Why, Major, what you don't know about this war effort would fill a lot

of books. We are now going to have the greatest transport job in history. My Motor
Transport Division is going to transport five million men indefinitely by motor trans-

port, to rule and bring up the standard of living of backward peoples of Europe."

Get that? Europe! We were not in North Africa, then, or Asia. The Japs were

our friends, and were taking care of the Pacific.

"We are gonig to bring up the backward peoples."

I said, "Yes, sir; yes, sir."

I got away with that one.

A few days later. General Marshall came and said, "Have you any more of these

papers?"

I said, "Yes, I have Camp Bragg in my drawer back there."

He said, "Well, you had better go up and see General Snow. He raised hell about

that today at the staff meeting. I didn't know anything about it."

I went up to General Snow, and he told me the same thing—they were going to

maintain an army of five million men in Europe to bring up the standard of living of

the backward peoples there. I didn't dare to quarrel with General Snow and ask him

how artillery was going to bring up the standard of living of backward peoples. He was

the chief of artillery.

Less than two years later, General Marshall circularized all the discharged officers

of the Construction Division and asked us to please bring all the pressure we could to

bear on our congressmen and senators so that they would not reduce our Army below

300,000 men. There was that reversal of feeling.

I prefer to believe that we will have sense enough to tend to our own affairs, if,

indeed, other nations don't make us do just that; that we will stop deficit spending,

balance our budget, begin to get out of debt, help other nations by buynig what they

have to sell in exchange for what they want from us. I believe that, after a period of

readjustment of one, two or three years we will settle down to several years of good

business.

What Happened the Last Time

The older men here will remember what happened after the last war. In the year

1919, while the soldiers were coming home, war contracts were being adjusted, business

was converting to a peace-time basis; there was a slight hesitation, and then in 1920

wild spending, as people all tried at once to catch up on the things they could not get

during the war, and industries as well participated in the spending. The rush of orders

for goods made manufacturers so busy that there were electric power famines.

Although Keokuk, Ashley Street, East St. Louis and Alton power plants were

interconnected, power was so short that it was rationed to industries throughout the

St. Louis-East St. Louis industrial area, and they were told the hours of the day they

could run and when they must close. Some ran in the daytime and closed at night, and
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others staggered their use of power by running at night and closing in the daytime. In

the meantime, Cahokia plant across the river from St. Louis, was being rushed to

completion without regard to cost.

At Kansas City the power famine was so bad that electric power was shut off in

residential districts so street cars could get enough power to bring home the residents

who ate by candlelight. Not until the evening rush was over, were lights turned on.

Electricians at the power plants worked 16 hours a day and ate and slept on the job.

Of course, costs of materials and labor rose. That was 1920. It was deiinitely thought

to be the start of the big business post-war era. There were to be no more depressions.

Then suddenly the first wave of buying and construction was over, and we suffered

the severe reaction of 1921 and 1922. There were so many homeless vagrants that Albert

Van Hoffman, a philanthropist of St. Louis, rented a vacant warehouse and serviced it at

his own expense for free overnight lodging. And I well remember the long, free-soup line

in St. Louis in 1921 and 1922.

Late in 1922 this sharp reaction was over and we then enjoyed seven years, 1923

to 1929, of good business when no one thought of creating employment by unnecessary

and uneconomic public works.

Let us review: One slow year, one year at fast tempo, two years very low, and

seven good years.

Will They Come Again?

Out of all the studies that are under way there seems to be emerging a meeting

of minds, to an extent at least, that this pattern will be repeated after this war, to a

degree—that there will be a setback immediately after the end of the war and then good

business for an indefinite period. I agree.

The difficulty is to appraise the first setback. Will there be a wild year as in 1920?

Will there be two terrible years like 1921 and 1922? Either will be bad. Another year

like 1920 will no doubt again be assumed to be the first of the long period of increased

prosperity, and nothing will be done to put the brakes on. And two years like 1921

and 1922 will indicate to the economic planners that business has definitely broken down

and all kinds of unwise measures may be undertaken. Those are going to be the years

that will try our business and government leaders. Let us pray that we will pass through

that period of immediate post-war readjustment sane and sound.

Are we as ready to meet conditions in the post-war period as we have met condi-

tions during the war? That is now the important challenge. Of course, no one knows

exactly what those conditions will be, but it seems to me that the railroads are in a

better position than many other industries to appraise their future.

Many industries, for example, manufacturers of automobiles, household appliances,

and other products which have passed from the class of luxuries to the class of practical

necessities under the standard of Hving created by the American system of private initia-

tive, are assured of big business for an indefinite period following readjustments at the

end of the war. Others must await developments to learn which way they go.

Borrowed Traffic

But even a casual study of railroading indicates that we are handling much bor-

rowed traffic-borrowed from automobiles, buses and trucks, borrowed from airlines,

borrowed from waterways, inland, coastwise and intercoastal, borrowed from tankers

and colliers, and war traffic, both passenger and freight.

As to oil, the freight rate on oil from Texas to New England is $1.80 per barrel;

freight rate by tankers, 20 cents a barrel. Is there any doubt in your mind as to what



572 Post-War Outlook

is going to happen to that oil post-war, when tankers are again available? Every day

I see long trains of tank cars passing my office window at New Haven. It will all go by

water after the war.

Before the war, ships sailed directly north from the north coast of South America,

with bauxite, to the Gulf of St. Lawrence, up that river and the Saguenay River to

Chicoutimi for the aluminum plant at Arvida, Quebec. First submarines and now im-

portant war uses for ships has driven that traffic ashore. It is moved in ships to our

southern ports and by rail to Arvida. Every day I see blocks of 20 to SO covered

hopper cars passing my office window, with this war traffic. After the war, it will return

to the water route.

Solid trains are moving war goods to our eastern New England ports, and in the

other direction from our many war industries. And troop trains in both directions every

day. The situation differs only in degree as to other railroads. I can almost make a post-

war estimate by sitting in my office and looking out the window at the freight trains

going by. You can see much in those trains that is not going to be in them after the

war. You can see passenger trains moving that are not going to move after the war.

Nearly all this borrowed and war traffic will leave us shortly after the war, and

we will handle such part of peace-time traffic as we can hold against competitive agencies

of transportation. This borrowed and war traffic creates net income. For our success in

handling it, we may expect plaudits unlimited. But plaudits, while satisfying to the ego,

will not create revenue nor net income in the post-war period. Then the honeymoon of

the wedding of the railroads and heavy traffic will be over. No one knows just how
serious will be the drop in revenues immediately after the war. I saw an estimate of 200

million dollars for a railroad with present wartime revenue of 300 million dollars. I do

not need to tell you what a drop of 100 million dollars means to the staff of that railroad.

It will require a terrific readjustment in expenses.

What Can We Expect?

The New Haven earned 140 million dollars in 1929 (we would be overhappy to

settle for that continuously), previously its largest year. In 1943 we earned ISO million

dollars, and our revenue is now running higher. The Interstate Commerce Commission

and the U. S. Supreme Court have said, in several reorganization cases, that war-time

revenues cannot be considered as a basis for reorganization. I believe the New Haven is

being reorganized on the basis of average earnings of about 87.5 million dollars, which

was about our revenue in 1940 and was the average revenue for the period adopted by

the federal court and the ICC to apply to our reorganized structure. Other railroads

have been disposed of on the same basis. I just can't bring my mind to comprehend

such a drop in revenues. Yet we did go from 140 million in 1929 to about 65 million

in 1933 and up to about 87 million which was our 1940 revenue.

The conditions that will confront the railroads in connection with a sudden drop

in revenues following the end of the war may not be different in kind, though different

in degree, from the conditions that confronted us in 1930. Many will remember that in

response to the plea of President Hoover in November 1929, industry endeavored to

spend its way out of the financial infirmities that bothered us. Before it was realized

just how serious were those infirmities, the railroads, in conformity with their pledge to

President Hoover, actually spent 872 million dollars in 1930 for additions and better-

ments, which was their largest expenditure in railroad history, with the exception of one

year, 1923, when a little over one billion was spent, and two years, '24 and '26, when

substantially the same amount was spent as in 1930. Thus stripping themselves of cash,

they were confronted with such further .serious reductions in revenue as to compel many
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of them to resort to the Reconstruction Finance Corporation for financial assistance

and, sorrowfully, when they had no more collateral to support loans, all too many to

resort to the bankruptcy courts. Let us hope that wc will meet the challenge of decline

in revenues more realistically and successfully next time.

Equality of Opportunity?

For many years prior to the war, railroads sought equality of opportunity without

any great measure of success. Although the need for such equality will be important

indeed in the post-war period, it will not just happen. It must be striven for night and

day, without surcease. That is the most important challenge confronting the railroads

ii;i the post-war period.

More boats and marine personnel will be available to handle traffic by water

—

inland, coastwise and intercoastal^—than ever before. They may be expected to take

back all the traffic they were forced to give up to the railroads during the war and to go

out vigorously after more. Already we hear rumblings of further profuse expenditures

for the uneconomic improvement of waterways that will widen the inequality of oppor-

tunity as between waterways and railways. Engineering and maintenance officers, as well

as others, are challenged to meet this unfair situation by all means at their disposal.

Since I came to Chicago I read in the paper that President Roosevelt has come out

again in favor of the St. Lawrence waterway development.

More and, no doubt, better and more economical automobiles, buses and trucks

will be available than before the war. They may be expected to take back all the pas-

sengers and freight they were forced by gasoline, tire and equipment shortages to give up

to the railroads during the war and to go out for more. And there is no doubt that

there will be a resurgence of building of improved highways, including many miles of

express highways.

Again, I find in a Chicago paper, since I have been here, that a big freight terminal

for this city is being projected for forwarders, barges and air carriers, and with govern-

ment money. Another one: "ODT Studies Plan for Truck Subsidy." The poor fellows

can't weather the storm as the railroads are weathering it; they are apparently going

to the government for a hand-out.

Airivays.—Bigger and better planes will be available. Many air fields have been built

and enlarged by the government. Funds have been voted by local and state govern-

ments for more and larger airports; communities will vie with each other in providing

such facilities to meet or beat other cities. They will be tax-free and practically free of

interest charges, and government will no doubt continue to provide free weather and

directional services.

Pipe Lines.—Before the war there were no pipe lines extending from the Mid-

Continent field to the Atlantic Seaboard. Now the Southeastern and Plantation lines

carry gasoline to several southeastern states formerly served by rail. That traffic will

not be available to the railroads. The Big Inch and Little Inch pipe lines, and other

pipe lines built and relocated during the war will carry oil products formerly handled

by rail. These pipe lines and the increased number of large oil tankers that will be

available after the war will constitute a surplus of oil transportation facilities that will

result in sharp competition and low cost transportation of oil between the oil fields and

consuming areas.

There is no present indication that these competitors of the railroads will be required

to carry all costs incident to their operations, including taxes on facilities and interest

on investments as the railroads do. Thus, the inequality of opportunity will not only
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continue but may be expected to be accentuated in the post-war period. It is a challenge

to engineering and maintenance officers as well as to others to do all they can to correct

this inequitable situation.

An author of a National Resources Planning Board monograph recognized the unfair-

ness and proposed, as a solution, that the government take over the railroad rights-of-

way and extend their use to railroads as government extends the use of waterways,

highways and airways to their competitors. It goes without saying that this would be

a most undesirable solution and fraught with almost insoluble problems. Surely there

must be some better way to bring about that equality of opportunity that should be

inherent in the American system of private initiative.

Some students of railroading are already suggesting that if subsidies to our com-

petitors cannot be done away with, then railroads must be subsidized. Of course we

don't want to be "kept" persons. We want to lead, and we want our competitors to lead

self-reliant lives. But it must be admitted that we have not had much success in making

other agencies of transportation pay their way. One of many instances of our failure

to bring about this desirable situation is indicated by the fact that up to now, six years

after President Roosevelt's Committee of Six—three railroad labor presidents and three

railroad presidents—recommended in 1938 that to effectuate a measure of equality of

opportunity between waterways and railways, tolls be charged users of improved water-

ways, sufficient to carry the costs of improving them for their benefit, nothing has been

done about it, and I doubt if anything will be done about it. Our failure to date to sell

this idea to the public and government indicates that the problem should be placed

high up on our docket of "Unfinished Business."

An old-time business precept, much quoted, runs something like this: "If you can't

lick 'em, join 'em." If wc cannot stop subsidies to our competitors, our choice in some

cases may be between bankruptcy and securing subsidies.

What Are We Going To Do About It?

The railroads have done an excellent job during the war, with plenty of traffic,

decreased competition, favorable revenues and satisfactory net income. Results were the

primary consideration; costs were secondary. Can we do as well in the post-war period

when we must fight for traffic against intensified and subsidized competition, when

revenues may not be so satisfactory, and net income will depend on our ability to pro-

duce it? Faster, safer, more dependable service will be required at less cost. That is

the challenge. What are we going to do about it?

In the first place, the problem is having intensive study. The directors of the AAR
directed Vice-President Fletcher to organize a Committee For the Study of Transporta-

tion. It is composed of about SO railroad officers. It has met in Chicago about every two

months since July 1942. Every phase of transportation is being studied. There are sub-

committees on waterway, highway, airway, pipe line transportation, taxation, accounting,

statistics, personnel, public relations, legislation, consolidation, economics, operation, traffic,

engineering and mechanical research, and so forth. The Economic subcommittee has

employed a number of analysts to study and compile the trend of several basic com-

modities. Much good is expected of this committee.

I am going to put something up to you gentlemen, personally. Maybe I will ask

for a showing of hands, because to me it is one of the most important reasons why we

are not getting equality of opportunity. The challenge to engineering and maintenance

officers is not confined to their particular duties of providing and maintaining an ade-

quate operating structure. It includes as well their obligation to represent the railroads

in their contacts with others, including public relations and informing others so they

may understand railroad problems better than they have in the past.
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One reason why we have not solved this equalit)' problem in the past is because

we have not sold our case to the public. We have been criticized very much for having

a backward attitude on consoUdation of railroads. I wonder how many of you know

that tens of thousands of railroads have already been consolidated into 134 Class I

railroads. I wonder how many of you know that, of those 134 Class I railroads, 20

control and handle 80 percent of the traffic of this country. That story has not been

told to the American public. If it had, we would get less criticism.

How many of you are able, in your own neighborhoods, to get up in a public

meeting and discuss an inequality such as that at Boston? The Boston South Station

is used by the Boston & Albany, leased line of the New York Central, and by the New
Haven and its leased lines. It is in direct competition with the East Boston airport.

The State of Massachusetts has recently voted to issue bonds of about 5 million

dollars to enlarge and improve that airport, on which federal, state and local Boston

money has already been spent. The railroads at the South Station pay 660 thousand

dollars a year taxes; no taxes on the airport—our competitor. The railroads pay 540

thousand dollars a year interest on bonds on the Boston South Station. No interest is

charged our competitors for the Boston airport. You all have similar situations. You
ought to get them together. It is your job to tell the story, as well as it is the job of

other railroad men.

I have seen many railroad speakers stopped by somebody in the audience saying

''How about land grants?". I am going to ask for a showing of hands. How many of you

would feel safe in getting up in a public meeting today and discussing in detail the

relation of the railroads to land grants? I thought there wouldn't be too many. And
yet it is a simple story. Here is the whole story told in a short clipping from the New
York Herald about a week ago. The whole story is there—just that and nothing more.

I was at a meeting of the Public Forum of the Air in New York a month or two

ago. A railroad man, my president, was speaking, and the president of the Colorado

and Southern Air Lines jumped up, ran up to the microphone, when he was talking

about subsidies, and said, "How about the land grants?". And the audience went wild.

Four or five hundred people there cheered him, clapped. The story has not been told.

Many Problems Presented

This convention is devoted particularly to engineering and maintenance problems.

Although maintenance of way activities have been less affected by material, equipment,

and manpower shortages during the war than those of the mechanical department,

nevertheless they have been seriously affected and much ingenuity was called for to

meet the many special problems that arose. Your activities have been more affected by

curtailment than by substitution. An easy way to catch up and proceed would be to

get more rail and ties and other materials, go ahead with construction that was post-

poned during the war and to go right along doing the good job we were doing before

the war. That would be the easy and complacent way. But that will not be enough.

Significant changes in materials and manpower must be reckoned with.

Anyone discussing material, equipment and labor matters to this audience is in the

position of carrying coals to Newcastle. Any one of you can cover any ground that I

might cover and, no doubt, more adequately. But here I am and something is

expected of me.

When I was a young man, 60 hours was the usual work week. As time went on,

men were permitted to knock off an hour or two early on Saturday evening, which

was considered a grand privilege. Then came Saturday afternoon off and shorter work
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days until the 40-hour work week was accomplished. Just before the war the 40-hour

week became the rule, and coal miners achieved the 3S-hour week. This trend is too

strong to be misunderstood. It means that men will work less hours after the war than

before, particularly if there is much unemployment. And this, in turn, means that more

output per man-hour must be achieved, both by closer attention to programming and

directing work and to the use of labor saving devices. Here is a broad fa-Id in which

to work.

The present critical manpower situation has focussed attention on the amount of

labor required in handling cross ties, including loading on cars at the point of receipt,

unloading and stacking at seasoning yards, reloading and moving to the treating cham-

bers, loading into yard storage or cars for distribution and unloading at the point of use.

Although the cross tie supply situation went through a critical shortage period, de-

ficiencies in tie installations are due more to manpower shortage than to shortage of ties.

This is a challenge to cut labor costs of handling cross ties. They should be grouped or

assembled in lots so they may be handled at each point of handling by mechanical

devices, which would not seem to tax the ingenuity of engineering and maintenance

officers beyond their capacity.

More Labor Saving Devices

Mechanical labor saving devices are so numerous that it is difficult to discuss them

in detail in a short time. I carry the impression that the maintenance of way departments

have lagged behind the mechanical departments in the use of modern machine tools.

There are, of course, many good reasons for this, among them the past surplus of

common labor in normal times. Under modern social planning, some of that labor will

not again be available. The cost of the labor that will be available will be much higher

than before the war. There will be a smaller pool of common labor to draw from. Under

our present system of restricted immigration, we seem to be changing from a nation

of general workers to a nation of specialized workers. There is quite a question as to

who will perform common labor in future years. Of course, mechanical power is the

answer.

A thought that occurs to me in this connection is the use of highway trucks for

moving maintenance forces, particularly building, signal and painting forces, and also

track and bridge forces on heavily traveled lines where much time is lost getting the use

of tracks for section cars and work trains. Many railroads have gone far in this direc-

tion and have secured many more man-hours of effective work thereby. Others have

merely scratched the surface. Prior to the depression of the thirties work trains were

considered a necessary evil. In the depression years they became expensive luxuries to

be gotten along without. And now they are and should be hard to get. Their use can be

reduced to a minimum by carefully programming work and using highway trucks for

many operations.

An interesting crane ior universal use has been developed, namely a combination

crawler and flanger wheel crane capable of being operated on or off track. The crawler

treads run on the ends of the ties outside of the rails for rail laying. Six of these of three

and five-ton capacity are used on the New Haven Railroad for ditching, handling mate-

rials with magnets or without, laying rail—in fact any type of work for which cranes

are capable. The crane can be removed from the rails to operate on crawler tracks in

three minutes and it can be used on the ground and on flat or gondola cars. This is a

labor saver par excellence.

Portable generators of 2,500 to 3,000 watts capable of being carried by two men

will be of major help particularly to bridge and building men. These machines operate
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electric drills, saws, chipping hammers and other tools, effecting large saving in labor.

Many are in use but there is still a large field to be covered.

Portable gas engincd grinders to grind switch points, overflow on stock rails and

frogs will be used in increasing numbers. Instead or rebuilding a switch point or scrapping

it, these grinders in a short time grind a new and perfect point, prolonging the life of

this type of material considerably.

The housing of switch points is being adopted by many roads and, by the use of

portable gas operated milling machines, the work of preparing the stock rails is made

comparatively simple. Housing of points should enable maintenance men to use plain

points rather than manganese or patented points at a substantial saving.

Mechanized rail laying is practically a must in view of labor costs. This includes spike

pullers, nut runners, adzing machines, cranes for handling rail and spike drivers, all gas

operated. Through the use of these machines the amount of labor is reduced at least

40 percent.

One of the recent developments which is creating much interest is the crawler

compressor used to operate tie tamping guns. This compressor, operating on crawler

tracks, follows the work and supplies air through a flexible hose, eliminating delays

incident to moving a fixed compressor and laying long pipe lines. The unit type of tie

tamper is rapidly growing in use. With this tamper no compressor is required, being

a gas operated unit in itself, operated by one man. Performance is comparable with air

guns although unit tampers require more maintenance.

Rail-end repair by arc or oxweld has been growing rapidly and nearly all roads

now make it standard practice. There are two schools of thought relative to the work

however, namely, whether to repair the full head of the rail or simply a central strip,

in other words, full ball or strip welding. These roads which have standardized on strip

welding, and others which have carried out extensive experiments are ' very much in

favor of the strip, due to the fact that one strip can be laid with a Brinnell of 375 to 425,

sufficient to resist batter, without quenching, and quite important, strip welding approxi-

mates one-half the cost of full head welding.

Some types of equipment have not been available during the war. Equipment in

service has been wearing out. There should be quite a deferred demand at the end of

the war. It will be important for engineering and maintenance officers to know what

will be available then. Many manufacturers have been producing new types of equip-

ment for the armed forces and will be in position to furnish new and more economical

types of equipment after the war. This indicates that we should not be satisfied to secure

the designs that were available before the war. We must insist on new and improved

devices taking advantage of the war experience.

Continuous Welding of Rail

One improvement that continues to attract my attention is continuously welded

rail. There should be and probably will be a considerable expansion in the mileage of

continuously welded rail on which so much has been done in recent years. Properly

handled, there seems to be no question that this will reduce maintenance costs and

produce better riding track. But this is not an improvement to be adopted casually.

Complete intimate knowledge of all factors is important, particularly the method of

anchoring the rail.

Possibly it is just as well that the continuous welding of rails has not progressd

any faster because after 100 years of railroading, counterweighting of locomotives has

not been perfect, nor has rail been any too good. It would probably have gotten a
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serious setback if extended before the da>s of control cooled rails when transverse

fissures were so much more prevalent, or before the importance of fastenings and proper

counterbalancing was realized. The frequent breaks would have been discouraging.

But now that we are getting much better rail, know the importance of proper

fastenings, and are beginning to understand the infirmities and corrections of counter-

balancing of steam locomotive drivers, there is reason to expect a considerable enlarge-

ment of rail welding in the post-war period. There is an interesting article in the Railway

Age of February 12, "How Long Can A Rail Be?".

More action will be evidenced in butt welded rails in open track at the end of the

war. All engineers are interested, although most of them are puzzled by the expansion

and contraction feature. A few railroads seem to be ready to experiment on a large

scale. This leads me to a suggestion or rather a question that shocked men when it

came to mind and will no doubt shock you. Can we burn out transverse fissures where

indicated by the detector car, or indeed after the rail breaks, and weld the adjoining

sections? If so, the maintenance of long stretches of welded rail would be much sim-

plified and the cost reduced. The continuous welding of rail will solve a lot of problems.

It will solve the question of end battering. As Mr. Miller said yesterday, most rails

are taken out of track because of end battering. Without end battering, I think rails

would last much longer.

Anchoring Track

Many experiments are being carried out in connection with anchoring track, both

jointed and welded. Particular attention is being given to various methods of applying

anti-creepers such as boxing ties in groups, staggering creepers at receiving and opposite

leaving ends, and both receiving ends. Also there has been much study of compression

clips; some roads have made them standard. One particular feature of advantage with

the clip, is that when rail is laid the clip holds the rail firmly, maintaining original

expansion which is not true with anti-creepers as the latter must set in the tie to hold.

The rapid expansion in the use of Diesel locomotives, which will emancipate track

maintenance engineers from the damage and destruction caused by unbalanced recipro-

cating parts of steam locomotives, will also encourage the extension of welded rail.

Transverse fissures and other rail failures on the New Haven Railroad's four-track elec-

trified line between New York and New Haven where electric equipment without

reciprocating parts or counterweighting are operated, occur much less frequently than on

the lines where steam locomotives are operated.

There is one more item I am going to discuss. Although equipment and track

maintenance engineers have been discussing for many years the relation of rolling equip-

ment to track, only recently, after some distressing experiences with locomotives and

track has a joint committee of the Mechanical and Engineering Divisions of the Asso-

ciation of American Railroads gone to work seriously on this situation. This problem

must be solved if we are to solve many other problems dependent on it.

This problem was discussed under the heading: "Rail Damage and The Relation

of Locomotives Thereto" by A. A. Miller, chief engineer maintenance of way, Missouri

Pacific System, and D. S. Ellis, chief mechanical officer, Chesapeake & Ohio, at a joint

meeting of the Western Railway Club and the American Railway Engineering Associa-

tion at Chicago, March 16, 1938. That is reported in the Railway Age of April 9, 1938.

Properly and adequately to meet the challenge in the post-war period will require

much more research than in the past. At the request of Mr. Pelley, I presented at an

open meeting of the Association of American Railroads at New York, November 13,
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1940, a paper entitled: "Railroads and Research." That paper made an excellent case

for the amount of research being done by railroads and others interested in railroading.

Just as good a case can be made for their failure to research into many problems that

are crying for solution. Several years ago, while acting as chairman of the AREA Board

Committee on Research Administration, I canvassed the chairmen of all the subject

committees to ascertain what, if any, research projects the committees desired to present

so that arrangements could be made to progress them. The results were disappointing.

To me that indicated a degree of complacency from which we must be rudely jarred

if we are to meet the post-war challenge. After 30 years in railroad engineering and main-

tenance, I have been in charge of purchasing for IS years. While I am continually amazed

at how much we do know, I am equally amazed at how much we don't know about

the materials and equipment we use and how they behave. Purchasing departments are

continually confronted with perplexing uncertainties which lead me to believe that much

of our so-called research is really merely cut and try, or trial and error.

A Problem in Counterbalancing

I might give you a number of examples, but I am going to give you one. I won't

hurt your feelings, after all the fine words that have been said about you, by giving you

some examples in maintenance of way, which I could. I will give you one on main-

tenance of equipment, to show you how little we know about some very important

phases of railroading, after 100 years of railroading.

In 1937 the New Haven Railroad bought ten modern Pacific type passenger locomo-

tives. For the first time we put roller bearings on the driving axles. Five of them had

Timken roller bearings, with single rollers on each end. Five of them had SKF roller

bearings, double roller bearings at each end. The Timken locomotives came first. They

were put in operation on our main line passenger trains between New Haven and

Boston.

Presently the driving wheel centers began to come loose on the axles. What to do?

.^fter it happened a few times, they were taken out of service. Five of them, 600 thousand

dollars worth of steam power, stood on the track at the terminal. Nobody was doing

anything. Nobody seemed to know what to do.

Finally I decided, "We are going to do something." I called Baldwin Locomotive

Works to send their mechanical staff up. I asked Timken Roller Bearing to send their

mechanical staff, and I asked our general mechanical superintendent and mechanical

engineer to step in.

There we had ten top mechanical engineers in my office from nine a. m. until

six p. m., discussing these five locomotives. I am not a mechanical engineer. Not one of

those ten top mechanical engineers had the least conception about what was wrong

with those locomotives—not one. Do we need research? The question answers itself.

We finally decided to do .something, which proved later to be wholly unnecessary.

We had new axles made. The single roller Timken bearings were taken out; double roll

roller bearings were put in. Baldwin, Timken and New Haven shared the expense in

three parts, equally.

By that time the other five locomotives with SKF roller bearings had been received

and all ten locomotives were in service. We began to bend rails under them. We never

had anything like that on the New Haven, to any extent. We bent heavy, new, modern

rails. Again the engines were pulled out of service. What was wrong? The mechanical

department said it was track. You have heard that before. (Laughter)

The mechanical engineer, as good a mechanical engineer as there is in this country

—in fact, he is chairman of the joint committee of the two divisions, on the relation
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between track and equipment— came to me and told me, seriously, the trouble was these

bent rails occurred at wet spots in the track where drainage was imperfect. That being

so, our vice-president in charge of operations put the chief engineer on the spot and

said, "If it is not so, you prove it isn't so."

A young man from Tiraken came in one day and said, "Why don't you get a

high-speed camera and take some pictures of the drivers as they go by and see what

is happening?" He did that, and found that those drivers were sailing through the air,

on each revolution, with the greatest of ease and coming down with a bang—actually

rising off the rail at each revolution. Then our mechanical engineer said they were

undercounterweighted and needed more counterweighting. The upshot was, they took

100 lb. of counterweight out and started a research project on the relation of wheel

load to track.

Time does not permit me to go on and tell you more; you have been gracious

enough to let me tell you one on the mechanical boys. I could tell you some on the

maintenance of way boys. They come to the purchasing department and say, "There is

something wrong with such-and-such. Will you please get the company to send their

expert?" We cannot rely entirely on supply companies and scholars. We must be

prepared to solve our own problems.

More Research Needed

When the AAR was organized in 1934, provision was made for vice-presidents of

five departments, Law, Accounting, Traffic, Operating, and Research. The first four

departments were organized and are headed by vice-presidents; the research vice-

president has never been appointed. As an important step in this direction the Board

of Directors of the AAR several months ago authorized the appointment of a director

of technical research. Mr. R. V. Fletcher, vice-president, law, of the AAR is chairman

of the association's Special Committee for the Study of Transportation. He is indus-

triously seeking an appropriate candidate for this position. I have no doubt that some

one in this room has the talent for this position. The directors of the AAR have author-

ized the employment of Dr. Clyde Williams, director of Battelle Memorial Institute of

Columbus, Ohio, in a consulting and advisory capacity to the association in an effort

to appraise the present situation, ascertain the facilities available, assist in securing the

services of a competent director, and otherwise getting this department of the asso-

ciation's activities on a sound basis, with instructions to survey the whole situation and

assist in getting a department under way.

Mr. A. E. Perlman, chief engineer, Denver & Rio Grande Western, is chairman of

the Subcommittee on Engineering and Mechanical Research, which recommended the

creation of the position of director of technical research. Some of the problems that

challenge us are:

Loss of steel through corrosive action.

Synthetic and metallic protective coatings.

Cathodic electric protection against corrosion.

Pre-molded cement, gypsum and other shapes.

Glass in its various forms from fiber insulation to blocks.

Quick seasoning of green timber.

Combined fire protection and preservative treatment of wood.

Use of laminated wood in lieu of large timbers.

Electronics and radio in signaling.
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Plastics in various manifestations.

Synthetic bristles for paint and cleaning brushes.

Alloy steels in their various manifestations.

Thousands and probably tens of thousands of scholars and technicians are at work

in our research laboratories, college, industries and elsewhere industriously prosecuting

research in what are sometimes referred to as hush-hush projects, that is, they are

strictly confidential for the war. Many rumors have come from such studies and their

results that some revolutionary developments may be expected that will be available

for general use after the war. It is important that we learn of them early and avail of

them to the maximum extent to which they will contribute to safety, rehabihty, and

economy.

Fortunately, the board of directors has authorized the employment of a director of

research, and I think possibly that position will be filled in the not too distant future.

Opportunities for Improvement

There seems no doubt that after the war railroads will have a broad field and

spectacular opportunities for improvement in materials, devices and methods. What
are we going to do about it? If we go on complacently after the war doing as we did

before, we will not meet the challenge offered by the intensified competition and by the

many opportunities to improve our plant so that better, faster, safer and more

dependable service can be rendered at less cost without loss.

I was very much disturbed a few years ago when the AAR came out with a poster

expressing an altogether too complacent philosophy. Some of you will remember it,

with the picture of an engineer with a bold face, his head out the cab window, saying

out of the corner of his mouth, "We're 0. K., Buddy."

We were not okeh at that time. One-third of the railroad mileage was in bankruptcy;

one-third was hovering on the edge, and some important roads wondered whether they

would go under or not; and only one-third were breathing freely not knowing when

they might be affected by the common infirmity.

The challenge and opportunity are there. I am sure it will be met.

Thank you very much. (Applause)

President Clarke: As Mr. Smith suggested, one way to foretell the future is to

measure it by the past, and he has told us what has happened in the past. He has

reviewed it fully. Then passed on from that to suggest what might be expected in the

future. He has suggested what could be done about it and has challenged us to do it.

His remarks warrant careful reading and study when they appear in print. I urge you

to do that. We are deeply appreciative of the information which Mr. Smith has

brought to us.

I didn't know that in the First World War Mr. Smith had been in the Army.

I knew he had been a major. I heard a story the other day that reminded me of him.

The story was that in the famous Pentagon building there were two officers; one always

had his desk cleared, and the other was always buried, and he couldn't understand it.

He finally asked the first chap how it came about, and he said, "Well, I'll be a good

fellow. I'll explain it. Along about four o'clock in the afternoon, I have files piled up,

so I can't see over them. I initial them 'Refer to Major Smith.' I know there is a

Major Smith somewhere in the organization."
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Remarks at Close of Meeting, Thursday, March 16, 1944

Retirement of President Clarke

Installation of President-Elect Layng

Past President E. M. Hastings (Richmond, Frederickburg & Potomac): Mr. Clarke

you have had the rare experience of being the president of this Association for two

consecutive years. They have been two very strenuous years, two years that have been

fraught with problems never before encountered by this Association. Through, those two

years you have guided this Association in a way that has gained the highest approbation

of all of its membership, and you have won universal acclaim.

I wish that words might express just what I would like to say to Mr. Clarke.

I have come to know him well in the course of our years of association in the affairs

of your organization, and I have watched him; and he is a man that you need to watch,

because the things that he does are so fine. The nobleness of his character shines out in

everything that he undertakes. When he speaks, it is well to listen because you will learn.

So, Mr. Clarke, we come again this afternoon with a most happy privilege—a par-

ticularly happy one, again, for me. I have performed this service, you know, on several

other occasions, and I have made some of my friends, as I have looked at them, feel

uncertain as to what they were going to say in reply, but I have no intention, sir, of

trying to place you in that position. What I say to you, sir, is sincerely from within

myself and from what I believe and know about you.

It is just too bad that, because a shortage of critical materials, the usual plaque

could not be presented. So, you see, the war impact is now directly before you. You have

encountered it previously but this time it comes in a very personal way, because you

can't have a handsome plaque with a copper plate on it and an inscription, to look at

immediately at the close of this convention. However, in the interim, I present to you

this facsimile of what will be on the plaque that will be given to you just as soon as the

materials are procurable. It reads:

The American Railway Engineering Association presents this testimonial to

Herbert R. Clarke in appreciation of his courgeous and forceful leadership and

his administrative ability in directing the affairs of the Association as its President

during the critical war years of 1942-44.

I don't know of anything that could give me any greater pleasure right at this

moment than to hand this to you, sir, with my heartiest congratulations and good wishes.

(The audience arose and applauded as the engrossed testimonial was presented.)

President Clarke: I wonder how Mr. Hastings knew it was going to be hard for me
to answer him. I suspect it is because he has stood where I now stand.

When I was a lad on a Southern Indiana farm, we had to make our own amuse-

ment and entertainment. Motion pictures, the radio, and such modern devices or manu-

factured amusement were unknown, and sometimes I am inclined to think that there

were advantages in that.

During the winter months, the so-called Literary Society meeting in the little

white (not red) district school house was very popular. We spoke pieces; occasionally

some brave soul was rash enough to undertake to deliver an oration. But the most

popular of all was the debate, with judges and all else that goes with it. Many weighty
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and important questions were discussed, but I do not recall that any of them were ever

settled. One question frequently argued was stated something like this: "Resolved that

realization is more thrilling than anticipation/' I do not recall the decision at that time.

I thought I might say that I now know, and that realization won.

Since presenting a plaque to your retiring president has long been a tradition of this

Association, I will admit I have thought that something like that might happen to me,

and now I have been so honored. I have the thrill of realization, but, perhaps, unlike

any other retiring president who has stood before you, I still have the thrill of

anticipation.

It has been a great honor and privilege to serve as president of the American

Railway Engineering Association. If anything has been accomplished that has been

worth while, if progress has been made, it is due not to any ability that I may have

but to the untiring, unselfish, unceasing work and efforts of every member of the Asso-

ciation. I pay tribute to the chairmen and members of every committee, to the directors

and the officers of the Association, and, particularly, to the secretary and his efficient staff.

This beautiful parchment which has just been handed to me by Mr. Hastings will

recall the real joy I have had in working with you, and it will be a constant challenge

to continue to give the best that I may have in the years that lie ahead.

Thank you. (Applause)

Gentlemen, this completes the consideration of the committee reports. Is there any

other business to come before the meeting? If not, I will ask Past President Wilson to

escort President-Elect Layng to the platform.

Installation of Officers

(President-Elect Layng was escorted to the platform.) (Applause)

President Clarke: Mr. Layng, the American Railway Engineering Association has

chosen you to be its president until your successor is duly elected and installed. I like

to think that in our Association honors are not lightly or unworthily bestowed; they

must be earned and deserved.

Your loyal service to the Association for many years, as a member of committees,

as a director and vice-president, merits the recognition which is now yours, and has

earned for you the admiration, respect and esteem of your associates.

I have the honor to declare you the duly elected president of the American Railway

Engineering Association and to present to you this gavel in formal recognition of your

authority and jurisdiction. (Applause)

(President Layng presiding.)

President Layng: Thank you very much, Mr. Clarke.

For many years I have been privileged to work in this Association. I just want

to say now that nothing I can do for this Association will repay it for what it has

done for me.

I look forward to the next year with a great deal of anticipation and some anxiety.

I know, however, that I will be loyally supported by the membership, by the Board

of Direction and by our past presidents. With their help, I feel sure that we will, from

day to day, meet the conditions that face us and that we will successfully steer a normal

course to that time when we can look forward to peace again.

Thank you very much. (Applause)

I think the Vice-President-Elect should stand and be identified—Mr. Akers. Will

Mr. Akers please stand? (Applause) You, of course, know Mr. Miller has become senior

vice-president.
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We have three new directors. If they are present, will they please stand? Mr. Mottier

and Mr. Penfield. (Applause) Mr. Teal of the C. & O. is not here. He was unable to

attend the annual meeting this year.

Is there any further business which requires attention at this time? The Forty-

fourth Annual Meeting of the American Railway Engineering Association is adjourned.

(The meeting adjourned at three-twenty o'clock.)
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Discussion on Economics o£ Railway Location and Operation

(For Report, see pp. 25-44.)

(President Clarke presiding.)

Chairman M. F. Mannion (Bessemer & Lake Erie): The members of Committee 16

express sincere regret occasioned by the death on October 1, 1943 of their fellow mem-
ber, Samuel L. Wonson. We feel deeply the loss we have sustained and will greatly miss

the contributions which he made to this committee. A brief memoir including a sketch

of Mr. Wonson's career is given on page 26.

Ten subjects were assigned to Committee 16 this year, of which we submit reports

on four; three of these are progress reports, submitted as information, and that on

Assignment 4 is a final report. The subcommittees assigned to the other subjects, except

Assignment 6, have made considerable progress in study during the past year, but have

been unable to complete their reports to the present time.

The report on Assignment 3 will be presented by Mr. B. T. Anderson, chairman

of the subcommittee.

(Vice-President Layng took the chair.)

B. T. Anderson (Union Switch & Signal Company): This report deals primarily

with a discussion of the formulas for locomotive and car saving, resulting from improved

methods of train operation.

The locomotive saving depends on two factors, viz., the locomotive hours saved

and the locomotive total turn-around time on the territory covered by the new project.

This turn-around time is the total number of average hours per locomotive trip, includ-

ing not only road hours, but time in and out of enginehouses, shop time. etc. A saving

in the total turn-around time, whether in road time, shop time or other time, will

produce savings in motive power in direct relationship between the total turn-around

time, and a reduction in that time. The turn-around time is the total elapsed time

between locomotive round trips.

Attention is called to Mr. Kimball's report on Assignment 7, page 33, Table 3.

—

Freight Locomotive Utilization, Average Locomotive Hours per Trip, based on ICC
statistics for all Class I steam railways in the United States for the years 1938 to 1942,

inclusive. It will be noted that in 1938 the average locomotive hours per trip was about

41 hours, and decreased to less than 23 hours in 1942. The actual hours for a particular

railroad will be less than or more than the average for all the railroads. Values of 12,

16, 18 and 24 hours on individual railroad projects have been called to the attention of

the subcommittee.

On page 28, the subcommittee shows an example based on 64 locomotive hours

saved per day in road service, with an average locomotive utilization of 16 hours, or a

saving of four locomotives. In another example, called to the attention of the sub-

committee since Bulletin 441 was issued, a saving of 64 locomotive hours, based on a

24 hour utilization, saved 2.67 locomotives. In applying the formula, it is necessary for

each railroad to substitute the values applying on a particular project.

The report concludes on page 28 with a formula for car saving based on the

freight train hours saved per day and the average number of cars per freight train.

The subcommittee is continuing its study of each of these subjects during the coming year.

Chairman Mannion: The report on Assignment 4 will be presented by Mr. Nye,

a member of the subcommittee.

F. N. Nye (New York Central) : This is a concluding report on Assignment 4

—

Effect of high speed on railway operating expenses, being a summary of reports made

previously by this committee or its predecessors. These reports brought out that higher
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speeds increase the cost of operation and involve the major accounts of maintenance

of way, maintenance of equipment and transportation expenses.

The committee is of the opinion that no generalized method of determining the

actual increase of railway operating expenses with increasing speeds can be given. How-
ever, it believes that the methods set forth in previous reports should be of material

aid to those making studies of this character when applied to specific situations and

interpreted in the light of local operating and traffic conditions.

This assignment is specifically related to operating expenses but it should not be

overlooked that higher speeds are scheduled to attract traffic, freight as well as pas-

senger, and to better meet highway and airway competition. For this reason, the ques-

tion of potential revenues as well as increased expenses must also be considered. It is

also apparent that the broad question of capital expenditures for improvement and

development is involved because higher speeds will sometimes require alteration of line

or grade, revised signal installations, respaced sidings, changes in yards and terminals,

etc. More locomotives of higher power may also be involved.

It is the feeling of Committee 16 that this subject of higher speeds is one of the

most important confronting railroad management in post-war days. Your committee

has therefore suggested a revision of the assignment (which has been approved by the

Committee on Outline of Work) to carry on the work of former Assignment 4, along

the broader lines—Effect of higher speeds on railway revenues, operating expenses and

charges to capital account. This new assignment will therefore enable continuing study

to be made on a comprehensive basis as trends in transportation and speed of service

may change in post-war days.

Chairman Mannion: The next report is on Assignment 7—Development of modern

power units and the effects on the economics of railway location and operation. It Avill

be presented by Mr. E. E. Kimball, chairman of the subcommittee.

E. E. Kimball (Schenectady, N. Y.) : Last year's report reviewed some of the

notable improvements in steam locomotives during the past IS or 20 years, and some

of the important changes in track and roadway structures which have gone along with

improvements in motive power and higher speeds. The period covered included both

good times and depressions, from which it was possible to plot trend curves, particularly

of freight train performance.

This year reference is made to freight train performance for the years 1938 to 1942

covering a short period that started when the traffic was near the lowest level experienced

in 1932 and reaches a time when the traffic exceeded all records, both as regards gross

ton-miles, train-miles and train-hours.

Reference to Table 1, page 32, will disclose that the gross ton-miles nearly doubled

during this short period of five years. The gross ton-miles in 1943 more than doubled

the gross ton-miles handled in 1938.

Table 2 shows the number of locomotives of all classes reported by the ICC, by

years. For four of the five years, the number of locomotives on hand has been grad-

ually decreasing. Nevertheless, fewer locomotives handled greater traffic year after year.

The increase in the number of locomotives in 1942 was insignificant.

This fact has induced your committee to make a preliminary investigation of how
it was done. This matter is largely one for the detailed consideration of the mechanical

department. The committee was particularly interested in getting an over-all picture of

what this accomplishment has meant.

For this purpose, use has been made of ICC reports on wage statistics, in order

to determine the time crews were assigned to locomotives. These data are given in hours.
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The OSF reports of the ICC give the number of locomotives assigned to each

service, freight, passenger and switching, also their condition, namely, serviceable not

stored, serviceable stored, and unserviceable locomotives. The number of locomotives

in each one of these classes multiplied by 24 hours, the hours per day, or 8,760, the

hours per year, will give the locomotive hours shown in Tables 3, 4 and 5.

The wage statistics also give the number of trips the crews made for which they

were paid not less than a minimum day's pay. This is assumed to be the number of

times the locomotives are taken out. The total locomotive hours, including serviceable,

unserviceable and stored, divided by the number of times the locomotives are taken

out will show how frequently the locomotives were used. In 1938 this figure amounted

to about 41 hours for freight. In 1942 it was reduced to less than 23 hours.

In all of these years the time crews were assigned increased in about the same

proportion as the road times shown in Table 1. That is, in 1938 it was 8.03 hours against

6.04 hours for the road time, and in 1942 it was 8.69 hours against 6.34 hours.

It will be seen in Table 3 that the total hours in transportation service have

gradually increased until they are almost double what they were in 1938. Since there

are no more locomotives, the time that the mechanical department had them must have

been decreased, which is shown by the time unserviceable. That has gone down to less

than half.

As traffic increases, the time locomotives are in the hands of the transportation depart-

ment must increase, as shown in the tables, which means the time that is left to the

mechanical department decreases as the traffic increases. Also, as traffic increases, locomo-

tives require more attention ; therefore, it is necessary for the mechanical department to

perform more work as traffic increases. Consequently, with the mechanical department

the difficulties are cumulative because it is not only necessary to do more work but also

to do it in less time. A balance will naturally be reached when the time available for

doing the work is just sufficient for its performance. Under this condition, the time

locomotives can be kept in the hands of the transportation department will be a maximum
and will depend upon shop and enginehouse performance.

In order to satisfy the conditions of doing more work in shorter time, it is neces-

sary that the enginehouse facilities be adequate and be used more efficiently and for

longer times. This has been done largely by the introduction of more shifts (night and

day shifts), which in 1938 consisted of practically one shift against three shifts at the

present time. It is expected that these conditions will change after the war and that

the trend may be reversed. In other words, it seems important to begin recording some

of the developments while they are fresh in mind in order that the benefits gained from

actual experience may be applied to problems that will arise after the emergency has

passed and the pressure is relieved.

We have witnessed an example where it has been possible to demonstrate as never

before the value of traffic capacity as applied to railroads. Without the latent margin

of capacity which the railroads had it is doubtful whether they would have been able

to handle all the traffic they have moved so creditably during the past two years.

Chairman Mannion: The final report of Committee 16 is on Assignment 10—
Economics of reduction in rate of curvature on existing hnes, which will be presented

by Mr. J. A. Erskine, chairman of the subcommittee.

J. A. Erskine (Chicago, Rock Island & Pacific): The report orj Assignment 10 is a

final report presented as information, in which we have undertaken to discuss the

benefits that result from reduction in rate of curvature on existing lines and to present

a method of procedure for estimating operating savings which will be secured from any

particular rate of curve reduction project.
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The most important objectives of reduction in rate of curvature arc the increased

speed which is made possible and the improved riding qualities of the line. These are

fairly obvious advantages, and we have merely pointed out the various factors entering

into each and referred to some methods for determining the degree of improvement

that may be expected.

Operating savings resulting from reduction in rate of curvature are divided into two

classifications. The first classification applies to every project and includes those eco-

nomies in maintenance of way and equipment that result from a reduction in the de-

gree of curvature. As a guide to the determination of these savings, Table 1 has been

included, showing what in the committee's judgment is the relative effect of various

degrees of curvature upon operating costs.

The second source of operating savings resulting from curve rate reduction arises

only in those projects which are so situated with respect to ruling grade that an increase

in the tonnage rating of the line is made possible. Table 2 is an example illustrating

the method of computing the savings which result under those circumstances.

The example included in Table 1 demonstrates what all of you have probably known
for a long time, namely, that the operating savings directly attributable to an ordinary

reduction in the rate of curve are relatively small, at least in comparison to the expense

usually involved in accomplishing such an improvement.

For this reason, your committee has, in the conclusions, attempted to emphasize the

fact that curve rate reduction projects must be evaluated in the light of their con-

tribution, not only to operating economy, but also to the improvement in schedules and

the comfort of passengers.

Vice-President Layng: Is there any discussion on this part of the report? If not,

this committee is dismissed with the thanks of the Association. (Applause)

Discussion on Electricity

(For Report, see pp. 69-71.)

(President Clarke presiding.)

Vice-Chairman J. M. Trissal (Illinois Central System) : The assignment of the com-

mittee consists of two parts: first, to report on the developments in the application of

electricity to railway service, and, second, the principal current activities of the Electrical

Section, Engineering Division.

Although there have been no startling new developments during the past year in

the application of electricity to railway service, the more intensive use of electricity in

every branch of the work is greatly aiding the railroads in carrying the enormous in-

crease in traffic imposed upon them by the war emergency. Expansion of facilities, in

general, has been restricted, thus placing additional loads on the existing plant and

increasing the problems of operation and maintenance.

As an example of this, in the field of electric traction, one carrier that handles both

passenger and freight traffic on its main line by electric traction has increased its con-

sumption of electrical energy for train propulsion from 160 million kw.h. in 1938 to over

240 million kw.h. in the past 12 months, with no increase in generating capacity. Another

large electrified carrier during the past two years has placed in operation 20 additional

electric locomotives similar in design to those already in use.

During the past year a novel water rheostat has been designed for the control of

heavy line currents that are applied to melt ice from an exposed section of one railroad's

contact system circuits during sleet storms.
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One of the Canadian railways has extended its electrification by introducing electric

propulsion for the operation of passenger trains into a new passenger terminal. This

is a 2,400-volt d.c. electrification.

Not only in the traction power field, but in the field of electric power for shop

and other uses, consumer demands are approaching producer capacity in spite of increased

central station capacity and the great increase in system ties and connections. "Spinning

reserve" is being used up or eliminated as such, and many old and less efficient plants

which had been shut down are being restored to service.

Numerous instances have been reported in which the railway electrical engineers

and their staffs have shown great ingenuity in adapting available apparatus and mate-

rials to applications for which special apparatus would be provided if available, or in

modifying "standard'' construction to meet special conditions; in some cases actually

doing a better and cheaper job thereby. War-time restrictions in the use of material have

brought about some radical changes in construction practices, some of which will be

retained after the restraining orders are rescinded. As in industry, the field of "pre-

ventive maintenance" is receiving increased attention because of material shortages'.

The capacity of transformer banks has been increased by forced ventilation, and

careful studies have been made of permissible overloads for short periods. The use of

capacitors on feeders and motors has increased the capacity of transformer banks and

distribution lines by a reduction of current which serves no useful purpose.

In the illumination field, the war has imposed special problems on the railroads as

well as industry, especially on the east and west coasts, because of the black-out and

dim-out requirements. The relation between adequate illumination and safety has been

made particularly apparent where it has been obligatory to reduce platform and station

lighting intensities to comply with dim-out regulations.

Fluorescent lighting has been widely used in offices and stations, with limited experi-

mental installations in shops and enginehouses. It is anticipated that the recently an-

nounced new design for fluorescent tubes as a post-war product will bring about great

changes in lighting design and installation. This subject is being watched with a great

deal of interest.

In the field of electric welding, mention was made in last year's report of the devel-

opment of a new welding electrode for use with alternating current. This has had

increased use during the past year, and promises to reduce the cost of welding apparatus.

Much is being said in the pubhc press about "electronics" and the part it will play

in the future application of electricity to our daily lives. This is not a new development,

but a new word popularly applied to many devices already accepted and in service for

industry in general.

At the present time, much thought and consideration is being given by the carriers

to post-war planning, and among several of them it is no secret that electrification is

Leing carefully considered. The possible shortage or greatly increased costs of liquid fuels

will have an important bearing on motive power design, and further developments are

promised in steam turbine and gas turbine locomotives. These, like the Diesel locomotive,

will probably have electric drive.

The second part of the assignment is: The principal current activities of the

Electrical Section, Engineering Division, AAR.
While conditions prevailing in the electrical industry and on the railroads as a result

of the war have retarded developments in some fields to an extent that has required

the virtual suspension of some of the committees, others have found an important work

to do. The Committee on Electrolysis is sponsoring a study of the electrolytic corrosion

of steel in concrete, and a report of the work carried out under its supervision, with funds
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provided by the AAR, has been published in Bulletin 440. On the recommendation of

the Committee on Overhead Transmission Line and Catenary Construction which rep-

resented the Electrical Section in the revision of the National Electrical Safety Code and

the forthcoming revision of the Specifications for Electric Light, Power Supply and Trol-

ley Lines Crossing Railroads, the Electrical Section adopted emergency specifications for

overhead wire crossings to meet current needs until such time as the revision of the

complete specifications can be adopted.

Specifications for track and third rail bonds have been presented for adoption and

publication in the Manual.

In addition to these regular committee activities, the Electrical Section has con-

tinued its representation on the Electrical Committee of the National Fire Protective

Association and has thus participated in the drafting of temporary revisions of the

National Electrical Code. Eight circulars setting forth the "interim amendments" of the

code have been issued to representatives of member roads.

The section is also represented on the recently organized national committee of the

Radio Technical Planning Board. That committee is investigating the possibilities of the

use of radio in all phases of the railroad communication field, in addition to the one

mentioned in the presentation of the Committee on Signals and Interlocking.

The section was also represented on the Special Committee on Black-Out of Railway

Equipment, and the conclusions reached as a result of the tests made have been embodied

in a report which has been filed with the proper authorities.

That concludes the report.

President Clarke: This report is being presented as information, and it will be so

accepted. I am sure you all understand that this committee and the Committee on

Signals bring to us information in regard to the activities of two other sections of

this division, the Signal and the Electrical. Some of the things which they are doing

are of unusual interest as, for instance, the train telephone which was mentioned in the

report just before this one.

The committee is excused with the thanks of the Association.

Discussion on Signals and Interlocking

(For Report, see pp. 72-74.)

(President Clarke presiding.)

President Clarke: In the absence of Mr. Stanton, the chairman of the committee,

who unfortunately cannot be with us today, the report will be presented by Mr.

W. M. Post.

W. M. Post (Pennsylvania): Committee 10 has two assignments:

I. Developments in railway signaling; 2. The principal current activities of the

Signal Section, AAR, by synopsis, supplemented with list and reference, by number, of

adopted designs and principles of practice.

While we have no report on Assignment 1, there is a development in the use of train

telephone on freight trains under way which was not sufficiently advanced for a report

at the time the bulletin was issued.

The train telephone system is now in operation on the Pennsylvania Railroad,

Belvidere branch of the New York division between Trenton and Phillipsburg, a distance

of 50 miles. It provides two-way voice communication between the engine and the cabin

car of freight trains, whether standing or running; between locomotives or cabin cars

and wayside stations, and between different trains within a few miles of each other.

This means of communication could be applied to passenger engines. Ten engines and
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ten cabin cars and one block station at Frenchtown, N. J., have been equipped, and an

additional block station near Trenton will soon have a train telephone connection in

service. Frenchtown is 30 miles from Trenton and 20 miles from Phillipsburg.

This is in the nature of research that the president spoke to us about this morning.

The Bessemer & Lake Erie has for four or five years, had two trains equipped,

I think, with front to rear end communication, using the carrier system for this purpose.

It is not radio; it is a carrier system.

The Pennsylvania Railroad selected the Belvidere branch for a test installation and

equipped sufficient engines and cabin cars for the purpose, first, of improving com-

munication between the front and rear end and also to establish communication with

the wayside block station. Another purpose of the experiment is to determine to what

extent train telephone can be applied to railroad operations. Voice reception is quite

satisfactory but experimental work is now being carried on to effect further improvement.

Experience with the daily use of the system on the Belvidere branch has shown

numerous advantages in movements of trains, by reason of the close contact which is

constantly available between the train employees on the front and rear of trains and

between them and the operator at Frenchtown.

The operator finds out by telephone from the engineman and conductor just what

is occurring in their movements, keeps the train dispatcher fully advised, and thus

permits accurate planning of all train movements affected. When anything unusual hap-

pens, all persons interested are promptly advised and advantages are taken on the

instant, reducing delays which otherwise would occur if wayside telephones had to be

used for reporting the circumstances.

Communication between the engineman and conductor incidental to the movements

of their train has been found to improve operations and reduce delays. Telephone con-

versations are carried on daily by the train telephone system regarding stopping and

starting, switching, setting off and picking up cars, testing air brakes, taking water,

handling equipment that has become defective en route, and many other matters affecting

the prompt movement of trains.

We expect to present a report in more detail on this development next year, after

we have had more experience.

Referring to the report on Assignment 2, the first paragraph, has to do with the

conservation of vital war materials. The action taken in connection with conservation of

vital war materials can be found in the report of the Emergency Specification Com-

mittee, in the Signal Section Proceedings, entitled, "Action By the Committee of Direc-

tion, October 14, 1943." It contains a report on "Emergency Methods and Practices for

Conservation of Vital War Materials" and several emergency modifications of Signal

Section Specifications.

Referring to the paragraph at the bottom of the page, attention is again called to

the chapters on American Railway Signaling Principles and Practices prepared for the

education of signalmen and others desiring to study this subject.

Referring to the numbered paragraphs on page 73, I would like briefly to call

attention to the first three paragraphs. (The reports on all of these subjects are found

in the Signal Section literature.)

1. Economies of coded track circuit control.—This report shows that on an installa-

tion of IS. 5 miles of double-track automatic block signals, there was a saving of 5,632 lb.

of copper, and on another installation of 17 miles of double-track automatic block signals,

there was a saving of 5,186 lb. of copper. This is because coded track circuits reduce the

copper line wire required when non-coded track circuits are used.

2. Economies derived from the use of "off track" equipment.—This report shows

the economies obtained by use of automobiles and trucks in signal work.
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3. Capacity for single-track operation (trains per day).—A description is given of

computing capacity for single-track operations in trains per day. This method fust

develops the "potential capacity" and to this value is applied a percentage factor to

obtain the "practical capacity."

By "potential (sometimes called theoretical) capacity" is meant the capacity on the

basis of one class of train and each train meeting another in the opposite direction at

every siding. By "practical capacity" is meant the capacity that can be expected with

trains of all classes running as required to satisfy the traffic conditions under consid-

eration, which may include passenger service, freight trains of various classifications,

fleeting, helper locomotives, etc.

Following the numbered paragraphs are Revised Specifications, Revised Drawings,

Revised Instructions and Revised Miscellaneous Matter which have been submitted for

letter ballot; also new specifications and new drawings which have been submitted for

letter ballot for removal from the Manual.

I have been advised by the secretary of the Signal Section that all of the above

which has been presented for letter ballot has been approved.

Mr. President, this concludes our report.

President Clarke: I am sure that some of the things which Mr. Post has said are

challenging. Are there any questions or any discussion? If not, the report will be re-

ceived as information, and the committee is excused with the hearty thanks of the

Association. (Applause)

Discussion on Highways

(For Report, see pp. 116-120.)

President Clarke: We will now have the report of Committee 9—Highways. It

becomes my sad duty to inform you that Mr. J. G. Brennan, who was the able and

efficient chairman of this committee for the last 13 years, died on February 23, very

suddenly. Accordingly, the report this committee will be presented by Mr. Bernard Blum,

the vice-chairman, and now acting chairman.

Acting Chairman Bernard Blum (Northern Pacific) : The first assignment is—Revision

of Manual. Mr. Haigh is chairman of the subcommittee, but is not present. The work

of this subcommittee consisted primarily of making corrections in the wording of a

number of the specifications in the Manual, with respect to advance warning signs and

flash-light signals, to bring them up to date with the current practice of the Signal Sec-

tion, a committee of which we work with. Necessarily, the report of Subcommittee 1 is

Manual data, and, as such, must be approved here.

I move that the changes as listed on page 117 and the top of 118 be approved for

inclusion in the Manual.

(The motion was seconded, put to a vote and carried.)

Acting Chairman Blum: Subcommittee 3—Comparative merits of various types of

grade crossing protection, collaborating with Committee 10—Signals and Interlocking,

Signal Section, AAR. Mr. Button of the New York Central is chairman of this sub-

committee. I will ask him to submit the report.

(A. P. Button, New York Central, read the report on Assignment 3.)

Mr. Button: Committee 9 recommends approval of glass bead reflector signs as an

alternate to the present standard reflector button signs.

Acting Chairman Blum: I move the approval, by the convention, of the recom-

mendation of the committee.
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President Clarke: This information, I believe, is being sumitted as information,

is it not?

Acting Chairman Blum: All except the last recommendation. Committee 9 recom-

mends approval of glass bead reflector signs as an alternate to the present standard

reflector buttons.

(The motion was seconded.)

E. M. Hastings (Richmond, Fredericksburg & Potomac) : That recommendation is

not published in the report?

Acting Chairman Blum: That is correct. It is a supplementary action of Committee 9.

Mr. Hastings: I am not at all opposed to the recommendation (I am in favor of it),

but I believe it is the rule of procedure that such recommendations must be before the

mem.bership for a period of 30 days prior to presentation.

President Clarke: Mr. Hastings is right, gentlemen. That is the rule of the Asso-

ciation. Will Mr. Blum please explain why the committee wishes to do this?

Acting Chairman Blum: This subject came to the fore in this manner due to a

situation in the State of Minnesota. Various railroads have been importuned by the high-

way department to erect the standard glass button signs at all crossings of not only

federal highways but federal-aid highways.

The railroads opposed it for some time, and finally worked out an agreement with

the highway department and the Railroad Warehouse Commission that, if approval

would be given to the glass beaded sign, they would not oppose the order. This material

has been used in the State of Minnesota by the highway department and by a number

of the railroads for the past seven or eight years, experiments considerably longer than

the test of the subcommittee indicated in the bulletin.

It then developed that the highway department, in order to receive moneys from

the Public Roads Administration for the federal highways and federal-aid highways

would have to have approval of the PubHc Roads Administration on the use of this

material for signs at grade crossings with railroads.

I believe it has been the practice of the Public Roads Administration to accept the

recommendations or standards of the AAR, and the AAR, in turn, has approved the

recommendations of this Association. Therefore, in order to get approval by the Public

Roads Administration, it first would be necessary for this Association to recommend

the practice.

This matter of signs and reflectors has been before Committee 9 for a great many

years, and we have been criticized in not taking some definite action. The railroad

committee of the State of Minnesota, of which I am a member, stated it would be

necessary that I present this to the Association for formal adoption. It came up too

late to get the vote of the committee and present it for the 30 days that Mr. Hastings

has spoken about. To that extent, we have not met the requirements. But I think that

explains how this matter has come up.

There have been, I think, some criticisms of this grade crossing matter. As you

know, from time to time various devices are presented, and carried over. In order to

partially meet that criticism, it was deemed that we should come to some definite action

at this time.

Mr. Hastings: I think Mr. Blum's explanation is entirely clear, and I think it is

very important that the meeting this morning adopt the recommendation, because it

should not go over for any period of time. The reason I raised the point I did before

is that we might be in order.

Would it be proper, sir, to offer a motion for a suspension of the rules, to receive

this recommendation ? If so, I will so move.
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Acting Chairman Blum: I second the motion.

President CLirke: Will you hold your own motion in abeyance?

Acting Chairman Blum: Yes.

President Clarke: You have heard the motion which is now before us, which is

that we shall suspend the rules and consider the motion which was previously proposed.

It has been explained why it is desirable and urgent to take action upon this.

(Mr. Hastings' motion was then put to a vote and carried.)

President Clarke: Now, Mr. Blum, will you again present your motion, if you

please ?

Acting Chairman Blum: Committee 9 recommends approval of the glass bead

reflector signs as an alternate to the present standard reflector button sign. I move the

adoption of that recommendation.

(The motion was seconded.)

Secretary Lacher: I would like to ask a question there. Is the glass bead reflector

sign suffkiently defined so that people would know what you mean by it if we put that

recommendation in the Manual?
Acting Chairman Blum: There are two or three manufacturers of this glass beaded

sign. It is simply material consisting of glass beads; I think they are formed by dropping

glass in water, then placing it on a waterproofed background or fabric medium. It does

not seem necessary or desirable to specify any one manufacturer's name.

I think it is the practice in all states for the public service commissions and the

highways departments to supervise the maintenance of such signs, so that such uses

as would be made of these signs would have to meet the approval of such governing

bodies.

(Mr. Blum's motion was then put to a vote and carried.)

Acting Chairman Blum: I think, Mr. Chairman, that concludes the report of

Committee 9.

President Clarke: The information submitted by this committee is very timely. I am
sure it will be of great assistance and very valuable. Is there any discussion or are

there any questions to be asked in regard to this report? If not, the committee is excused

with the thanks of the Association. (Applause)

Discussion on Wood Bridges and Trestles

(For Report, see pp. 203-206.)

(Vice-President Miller presiding.)

Chairman R. P. Hart (Missouri Pacific) : After hearing the various addresses made
yesterday, particularly the one made by Mr. Albert Mann, I am sure you all have a very

deep appreciation for the fact that wood and, particularly, structural timbers are now
critical material. That may not be of so much importance to some of you who are

fortunate enough to have laid by, so to speak, your timber trestle bridges, replacing

them in years gone by with steel and concrete structures. But it is of great importance

to many of the roads in the middle west and the north where you will still find large

numbers of creosoted and even untreated timber trestle bridges, not only in branch lines

but on important, high-speed, heavy traffic lines. The roads that have had the job of

maintaining trestles under those conditions have felt the pinch so far as the timber

situation, as it now obtains, is concerned.

Last year this committee presented to you, and you very kindly adopted, a specifica-

tion for use in designing wood bridges on which we had been working for the last two

or three years. With the completion and adoption of that specification, we have pro-
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ceeded to prepare some plans which we feel are in keeping with the adopted specifications

and which we hope will be of service to you.

Subcommittees 1, 2, 3 and 4 have not prepared any special report for your consid-

eration this year, but the work of those committees has, of course, proceeded.

Before presenting the report to be offered by Subcommittee 5, I would like to call

to your attention the memoir to the late John A. Newlin, as it appears on page 204.

Mr. Newlin was for many years an expert on wood and, particularly, on structural

timber, carrying out a great deal of research work at the U. S. Forest Products Laboratory

in Madison. The work that he did, and the work done under his direction, formed a

basis for many of the recommendations of this committee and is really the background

for the specifications covering stress grade timber. It is also the background for the

design specifications which you adopted last year and, naturally, forms the basis for

the plans which we are about to present to you at this time.

We deeply regret the loss of Mr. Newlin, but we are gratified to note that Mr. L. J.

Markwardt, assistant director, and Mr. R. P. A. Johnson, principal engineer of the

U. S. Forest Products Laboratory, have recently become members of this Association,

and we hope to have the benefit of their continued study in the field of wood.

The plans which we are presenting to you this year have been prepared under the

direction of Mr. F. H. Cramer, and I will ask him to present that part of the report".

(F. H. Cramer, Chicago, Burlington & Quincy, read the report on Assignment 5,

beginning with the fourth paragraph, and moved the adoption of the ten folded inserts

of trestle plans and tables appearing between pages 206 and 207.)

Mr. Cramer: There are some corrections to be made as follows: The word "butt"

will be added in the descriptions for the two views at bottom of plan showing recom-

mended practice for open deck trestles, so that it will read:

Stringer Plan Continuous Butt Type Deck.

The descriptive items at the left-hand side of the stress tables will be made alike,

and some of the letters in the former will be changed to correspond with the letters

of the approved specifications for design.

In table showing comparison of unit stresses in open deck trestles for both E-60

and E-72 loading, the note at the bottom of the page, reading: "In calculating bearing,

bending, and shear stresses outer stringers are considered as carrying no load," should

be omitted.

(The motion was seconded, put to a vote and carried.)

Chairman Hart: I would Uke to add a comment in connection with the tables,

which is to the effect that these tables merely show the stresses that will obtain under

E-60 and E-72 loading, with various number of stringers in various panel lengths. It

should be understood that we are not recommending the use of the particular number

of stringers shown, regardless of what timber you use. It is assumed that you are buying

the timber under a stress grade specification, or something comparable thereto. We can-

not know what grade of timber you are buying or using. You will have to make your

own decision as to what stress you want to permit in the particular timber which you

select or have to use.

The table is merely for your convenience, to show some of the combinations that

are possible and the stress that you will obtain under that condition.

Subcommittee 6, on the subject of fastening, has, of course, found it necessary to

work very closely with Subcommittee S, and the plans presented incorporate the work
of both subcommittees.
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Under Subcommittee 7, suggestions have been offered in the past by this com-
mittee as to ways of conserving critical materials. We have nothing further to offer at

this time on that except as to revised specifications for timber used in buildings.

I will ask Mr. Critcs, chairman of Subcommittee 7, to present that part of the report.

(G. S. Crites, Baltimore & Ohio, read the report on Assignment 7, which has been

given the status of an emergency provision by action of the Emergency Committee

Representing the Board of Direction.)

Chairman Hart: It may be that some day we will want to adopt higher working

stresses for other uses. That is something which will have to be determined by further

tests at Forest Products Laboratory, and the degree of accuracy with which inspection

can be carried out to properly grade the timber, so that we can be assured that it will

carry the stresses that we want it to carry.

Mr. Chairman, that concludes the report of Committee 7.

Vice-President Miller: Before excusing the committee, does anyone wish to discuss

anything that has been brought out in this report? If there is no further discussion,

I wish to thank you, Mr. Hart, and your committee for the splendid report. You are now
excused with the gratitude and thanks of the Association. (Applause)

Discussion on Ties

(For Report, see pp. 267-272.)

(President Clarke presiding.)

Chairman John Foley (War Production Board) : Your committee is reporting on

only four of its six assigned subjects, and recommending revision of the Manual only in

the matter of anti-splitting devices.

The report on Assignment 2—Extent of adherence to specifications—will be presented

by the chairman of the committee in view of the absence of Mr. Simpson who is chair-

man of that particular subcommittee. During 1942 and 1943 field inspections of tie stocks

were not made by the committee as a whole, due to travel conditions. Acquaintance

with the supply and inspection situations was maintained by individual members dis-

cussing the subject with each other and with producers of ties.

Because there is no likelihood of an increase in the labor or equipment available for

tie production until the war is won, it is essential that railroads follow the recommenda-

tion of the committee to utilize every kind of wood listed in the standard specifications

as suitable and which can be obtained without wasteful transportation.

Information submitted by both buyers and sellers of ties indicates that the trend

toward recklessness by railroad inspectors, reported last year, is not longer conspicuous.

The wisdom of reformation on the part of careless carriers is proved by the prosecutions

for price violations in Louisiana and Texas, where 24 lots of ties were investigated and

ten percent of each lot measured. Of the 6,851 ties measured, 2,148 were found subsize,

the proportion per lot ranging from 8 to 68 percent. Ten requests for injunctions have

been filed and five have been granted. The other five have not yet been ruled on. There

have been two settlements for triple damages totaling $3,250.

That completes the report on the extent of adherence to specifications, which is

submitted as information.

President Clarke: The report is being submitted as information. This is one of the

most interesting reports we have. At the present time, under existing circumstances, the

work this committee is doing is most important.

If there are no comments and no discussion, the report will be received as information.

Chairman Foley: The 1942 data which constitute the basis of the report on

Assignment 4 are not inserted in the February, 1944, bulletin because they were published
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in the June-July, 1943, bulletin in order to be available for study as soon as possible.

These figures show an average increase of 10 percent in renewals per mile beginning in

1941, and an average rate of renewal during the five years from 1939 to 1942, inclusive,

which indicates an average service of 22 years and 8 months for the ties in the tracks

of United States Class I railroads.

That report is submitted as information only.

President Clarke: If there is no discussion or if there are no questions, the report

will be received as information.

Chairman Foley: The report on assignment 5 will be presented by the chairman of

the subcommittee, Mr. Butler.

R. E. Butler (Newburgh & South Shore) : Throughout the many years which the

Committee on Ties undertook field inspections of ties, observations of anti-splitting

devices and their application were made, and for the past several years a special study

has been given to that subject. In the variety of irons in use, many did not correspond

with the sizes and shapes of the AREA standards, but were serving the purpose for which

they were intended.

The shortage of open-hearth steel during 1941 to 1943 forced manufacturers of

tie irons to resort to the use of substitutes, and, as a result, irons manufactured satis-

factorily from bessemer steel and shell steel are in service and giving every indication

that they will be suitable for their purpose.

The proposed specifications are designed to provide acceptable irons while per-

mitting the use of the effective types of irons now in service, without selecting any special

shapes as AREA preferences. The chemical requirements have been extended to cover

all three steels now being used and to give the option of substituting tension tests for

chemical analysis.

Your committee recommends the deletion of current page 3-25 of the Manual, and

substitution of the matter on pages 271 and 272, which includes specifications for the

strip-steel type of driven anti-splitting device.

I so move.

(The motion was seconded, put to a vote and carried.)

Chairman Foley: Committee 3 has nothing more to report.

President Clarke: You have heard the report of the committee. If there are no

further questions and no discussion, the committee is excused with the thanks of the

Association. (Applause)

Discussion on Water Service, Fire Protection and Sanitation

(For Report, see pp. 45-68.)

(\'ice -President Layng presiding.)

Chairman B. W. DeGeer (Great Northern) : The report on Assignment 1—Revision

of Manual—will be presented by Mr. E. M. Grime, chairman of the subcommittee.

E. M. Grime (Northern Pacific) : Since writing the introductory paragraph appear-

ing on page 47, several changes and corrections in the plans for 48,000 and 100,000-gal.

tanks have been suggested. These are of such nature that it seemed desirable that we
prepare an entirely new plan. The committee will attempt to do this and present new
plans next year. In view of this, the only changes recommended at this time are the

following:

On page 13-35 of the Manual, covering the design of a steel substructure of wood
tank, add a footnote:

Base plate may be fastened to post by welding.
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On page 13-38.1—Specifications for Welded Steel Tanks—we wish to withdraw

Section 102 which covers three definitions, namely, for stand-pipes, reservoirs and ele-

vated tanks, and, in place of them place the following definitions in the glossary:

Reservoir.—A facility for storing or impounding for use as needed, water, oil or

any other fluid.

Elevated Tank.—A storage tank supported on a tower.

I move these changes be adopted.

(The motion was seconded, put to a vote and carried.)

Chairman DeGeer: Report on Assignment 2—Cause of and remedy for pitting and

corrosion of locomotive boiler tubes and sheets, with special reference to status of

embrittlement investigation—will be presented by Mr. R. E. Coughlan, subcommittee

chairman.

R. E. Coughlan (Chicago & North Western): Because of war emergency work, very

little progress can be reported on the study of embrittlement as made by your committee

during the past year. Observations are being made and recorded on the results obtained

by the various railroads in the prevention of embrittlement by means of the methods

developed during the past several years. Favorable results are still being reported by

several of the eastern railroads through the use of sodium nitrate.

At the present time there is considerable discussion of the substitution of welding

for riveting in the construction of locomotive boilers, and this subject is now under

investigation with the ICC Bureau of Locomotive Inspection. The various tests are still

being continued on the use of alloy steel as compared with carbon steel for boiler

construction. As this study is still in the experimental stage, it is the recommendation of

your committee that this report be accepted as information and the subject continued.

Vice-President Layng: Is there any discussion on this part of the report? It will

be received as information.

Chairman DeGeer: The report on Assignment 3—Progress being made by federal

or state authorities on regulations pertaining to railway sanitation—will be presented by

Mr. A. B. Pierce, a member of the subcommittee.

A. B. Pierce (Southern) : The activities in connection with regulations pertaining to

railway sanitation during the past year were confined largely to the consideration of the

new regulations of the United States Public Health Service on Drinking Water Standards

and the Sanitation Manual for Land and Air Conveyances Operating in Interstate Traffic.

1. Drinking Water Standards.—The new regulations are published in bulletin form

under the title of Public Health Service Drinking Water Standards and Manual of Rec-

ommended Water Sanitation Practice as reprint No. 2440 from the Public Health Re-

ports, Vol. 58, No. 3, January 15, 1943, and can be obtained from the Superintendent

of Documents, U._ S. Government Printing Office, Washington, D. C.

2. Sanitation Manual for Land and Air Conveyances in Interstate Traffic.—The

new sanitation manual is published in bulletin form under the title of Sanitation Manual

for Land and Air Conveyances Operating in Interstate Traffic as reprint No. 2444, from

the Public Health Reports, Vol. 58, No. 5, January 29, 1943, and can be obtained from

the Superintendent of Documents, U. S. Government Printing Office, Washington, D. C.

I might say both of these bulletins are ten cents each, with a slight reduction in lots

of more than 100 copies. It is suggested that all those interested in this subject obtain

a copy of these bulletins, particularly the United States Public Health Service Manual,

and read them carefully. It will be found that the manual prescribes many changes which

will be most difficult to adhere to and, if enforced, will entail expenditures of large

proportions.

This is a progress report, submitted as information.
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Vice-President Layng: Is there any discussion of this part of the report? If not,

it will be received as information.

Chairman DeGeer: Report on Assignment 4—The principal current activities of the

Fire Protection and Insurance Section, AAR—will be presented by Mr. G. F. Metzdorf,

a member of the subcommittee, in the absence of Mr. W. A. Radspinner.

G. F. Metzdorf (New York, Chicago & St. Louis) : The 194.5 annual meeting of the

Fire Protection and Insurance Section was cancelled. However, meetings of the eastern

regional members and of the Committee of Direction continue, for discussion of current

hazards involving war materials, both in transportation and storage.

Because of the demand in these times for speed in production and transportation,

there is a greater tendency for people to take chances in handling materials and equip-

ment which, no doubt, has been the cause of accidents, and these, in turn, have started

serious fires. The task of moving petroleum products to our armed forces carries with it

a serious fire hazard, since the fire loss in material and equipment in one wreck can run

into large figures. It is therefore essential that employees be properly trained and in-

structed in fire prevention and protection by an officer who can recommend promptly

the best and safest method of deahng with such hazardous material.

This report is presented as information.

Vice-President Layng: Is there any discussion of this part of the report? If not,

it will be received as information.

Chairman DeGeer: The report on Assignment 5—Use of electrophotometric methods

for analysis of raw, treated and boiler waters, boiler scale and boiler sludge. The inves-

tigation by your subcommittee indicates that the development of these methods has not

as yet reached the stage where suitable standardized procedures can be recommended,

and further research is necessary. The types of equipment in use at present are described

briefly. For those desiring to experiment with this method of analysis, it is recommended

that the procedure and detailed construction furnished by the manufacturer of the

instrument in use be followed.

This report is offered as information.

Vice-President Layng: Is there any discussion? It will be so received.

Chairman DeGeer: It is a source of deep sorrow and regret to the members of your

committee that the chairman of their subcommittee, Harry M. Laudemann, passed away

in a Huntington, W. Va., hospital on December 16, 1943, after an extended illness. Mr.

Laudemann was a native of Napponee, Ind., and attended the University of Illinois,

Class of 1912, and at the time of his death was chief chemist of the Water Supply

Department of the Chesapeake & Ohio Railway at Huntington, W. Va. Prior to coming

with the Chesapeake & Ohio in 1934, he had been chemist for the Hercules Powder

Company and the Anaconda Copper Company, and assistant chief chemist for the

Aluminum Company of America. Mr. Laudemann had been a member of Committee 13

since 1937 and his experience in chemical work had been such that his advice on subjects

bearing on chemistry was of particular value in the investigations by your committee.

The committee records with profound sorrow, the loss of an esteemed member and

friend, and its sincere appreciation of the valuable contributions he made to the work

of the committee.

Your committee has no report on Assignment 6—Methods used to determine the

existence of electrolysis attacking underground pipe lines, including well casings, and

methods of prevention.

Report on Assignment 7—Wayside method of boiler water treatment, with descrip-

tion of chemical feeding equipment—will be presented by Mr. K. J. Weir, subcommittee

chairman.
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K. J. Weir (Chicago, Milwaukee, St. Paul &• Pacific): This report points out that

wayside water treatment is generally accepted to mean the conversion of non-carbonate

scale forming minerals to non-scale forming. Having its inception in the haphazard,

direct application of soda ash to locomotive tenders, some wayside treating chemicals

are still applied in the same manner, but the greater portion are used in by-pass or

chemical solution feeders which give more accurate proportioning and better treatment

control. The report describes these chemical feeders.

The several types of chemical pumps, namely, centrifugal, diaphragm, rotary, piston,

and Moyno, are described and their merits discussed. Control equipment for accurately

proportioning chemical solutions with uniform or variable flow rates are offered in

variety. These devices are both simple and complex, practical and of little value, and

are available for the usual types of wayside treatment plant equipment or its many
modifications.

Several illustrations accompany the report, which is offered as information.

Vice-President Layng: Is there any discussion of this part of the report? If not, it

will be received as information.

Chairman DeGeer: The report on Assignment 8—Mechanics of foaming and carry-

over in locomotive boilers—will be presented by Mr. W. B. Leaf, chairman of the

Bubcommittee.

W. B. Leaf (Denver & Rio Grande Western) : This is a progress report, with no

specific recommendation. Additional research has been performed under both atmospheric

and high pressure. The report of this further investigation will be published soon. At

present, it is felt that the general problem of foaming and carryover is subject to an

early, satisfactory solution.

This report is offered as information.

Vice-President Layng: Is there any discussion? If not, the report will be so received.

Chairman DeGeer: Your committee has no report on Assignment 9—High speed

watering facilities for streamline trains.

The report on Assignment 10^—Means for conserving labor and materials, including

the adaptation of substitute non-critical materials—will be presented by Mr. G. E. Martin,

chairman of the subcommittee.

G. E. Martin (Illinois Central) : The entrance of the United States into the war

found the inventories of American railways at a generally low stage. After the declaration

of war, the government set up agencies to control raw materials and finished products

so that the armed forces would be adequately supplied and civilian use would be confined

to minimum requirements.

Under the general arrangement, the War Production Board established a procure-

ment scheme for the railways, known as General Preference Order P-142, and the Con-

trolled Materials Plan, and the railways have secured their operating and maintenance

materials under these schemes, or modifications thereof, for the past two years. The

railways, in turn, set up sections in their purchasing departments to arrange for neces-

sary priorities and to keep in touch with the WPB orders so as to properly schedule

their material requirements. This arrangement has improved the flow of materials con-

siderably, and the restrictions are not now as severe as when the WPB started to

function.

Since this report went to press, the amount of restricted materials that may be pur-

chased from maintenance priorities for certain construction projects has been increased

from $500 to $2,500 and more liberal arrangements have been permitted for maintenance

materials generally.
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On page 65 is a description of the manner in which railways are salvaging materials

for further use. Cast iron pipe, pumping equipment, water tanks and other items have

been salvaged on a large scale, thereby reducing the need for new material.

The conservation of man-hours is discussed on page 66. The conclusions are also

on this page. They are five in number and summarize the report. The report is submitted

as information.

Vice-President Layng: Is there any discussion on this part of the report? If not, it

will be received as information.

Chairman DeGeer: This concludes the report of Committee 13.

Vice-President Layng: May I congratulate you, Mr. DeGeer, and your committee for

the interesting report you have presented. You are now excused with the thanks of the

Association. (Applause)

Discussion on Yards and Terminals

(For Report, see pp. 75-94.)

(Vice-President Layng presiding.)

Chairman W. J. Hedley (Wabash) : We have for this year's work ten assignments.

We are submitting reports on five. On two of them we are submitting reports for

inclusion in the Manual. Two reports are submitted as information. We also are sub-

mitting our usual bibliography as information.

Our first subcommittee has a brief report on the subject—Service connections on

station tracks, collaborating with AAR Joint Committee on Railway Sanitation.

We have previously submitted a report on this subject as information covering the

field generally. This report is for a slight addition to the Manual. We are proposing for

inclusion in the Manual a new paragraph, 2421.—Steam and Air Connections, to be

placed under the general subject—Passenger Terminals, Station Proper.

We had hoped to submit, also, an item on water supply for servicing cars, to be

placed also under the subject Station Proper. This, however, seems to be an inopportune

time to submit such material.

I offer the new paragraph 2421 and move that it be adopted for inclusion in

the Manual.

(The motion was seconded, put to a vote and carried.)

Chairman Hedley: Our next report on Assignment 3—Scales used in railway service,

will be given by Mr. M. J. J. Harrison.

M. J. J. Harrison (Pennsylvania) : The report on Assignment 3 occupies very few

lines but it carries by reference material which was originally pubhshed one year ago in

Bulletin 435 and in Vol. 44 of the Proceedings, beginning on page 336 and ending on

page 349.

As originally published, the introduction was specified as being in course of prepara-

tion. Since the time of the publication, an introduction has been written which is entirely

factual and is, in a sense, a history of the development of this material. With your

permission, I will read the proposed introduction which would be inserted in its proper

place on page 336 of Bulletin 435:

"On December 1, 1921, effective January 1, 1922, the American Railway Association

issued its 'Grain Circular No. 1'. This document was issued pursuant to a recommenda-

tion of the Interstate Commerce Commission, as set forth in the Commission's supple-

mental report, Claims for Loss and Damage of Grain, decided January 13, 1920, Docket

9009 (56ICC 347). It contained various rules applicable to the handling of grain in bulk.
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and of claims arising from its transportation. It also contained specifications and tol-

erances for various types of scales used in weighing grain.

"Section II-B of Appendix No. 1 of the above document applied to hopper scales.

This material was further considered after the issuance of 'Grain Circular No. 1', and

certain emendents were agreed to by the principal parties at interest, and informally

approved by the Interstate Commerce Commission. The emended material was promul-

gated by the National Bureau of Standards on March 7, 1926, as its Circular No. 19Q.

There was no reissue of 'Grain Circular No. 1'.

"By instruction of the Association of American Railroads to the Engineering Divi-

sion, the material of Section II-B, Appendix No. 1, Grain Circular No. 1, has been

reviewed and the following material has been adopted as a substitute therefor."

With the addition of that introduction and in view of the circumstances set forth

briefly in the current report, these being essentially that the material has been made

available for criticism to all known parties at interest, I move the adoption of the

complete material under the title: Specifications for the Manufacture and Installation of

Hand-Operated Grain-Hopper Scales.

(The motion was seconded, put to a vote and carried.)

Chairman Hedley: Next we have a report on Assignment 4—Classification yards,

collaborating with Committee 16—Economics of Railway Location and Operation. This

report will be submitted by the subcommittee chairman, Mr. G. F. Hand of the

New Haven.

G. F. Hand (New York, New Haven & Hartford) : This year your committee

made a study of grades from the apex of the hump down to the farther end of the

classification tracks, for the purpose of indicating the latest design in respect to these

grades. For this purpose we selected four recently constructed yards, that is, the East-

bound Roanoke, Va., and the Portsmouth, Ohio, time freight yards on the Norfolk &
Western; the Westbound Galesburg Yard, 111., on the Burlington, and the DeCoursey

Yard, Ky., on the Louisville & Nashville. All four of these yards were put into operation

since the fall of 1940.

The study brought out two significant features:

The non-accelerating grades of the body classification tracks is less than previously

thought necessary. For example, in the two Norfolk & Western yards a 0.20 percent

grade was used on the body tracks; at Roanoke curve compensation was provided

between the last retarders and the straight part of the body tracks but at Portsmouth

no curve compensation was provided. This grade is apparently satisfactory except that

at Portsmouth some loaded cars stop on the uncompensated curves. The Westbound

Galesburg yard also has a 0.20 percent grade, with curve compensation, on the body

tracks, which is regarded as satisfactory. At DeCoursey yard this grade is 0.18 percent

with no curve compensation.

Those grades of 0.20 percent and 0.18 percent compare with what we used to think

were necessary some years ago for retarder yards of 0.2S percent and later reduced to

0.22 percent. I know that when we went to 0.22 percent we were all fearful that the

cars weren't going to get down to the lower end. But these lighter grades are apparently

working satisfactorily.

The other thing was that some years ago we put in the Manual two methods of

determining grades for retarder yards, a graphic and an analytical method. We find

that these methods have been used to a considerable extent in determining the grades

in these yards. The exception was the Westbound Galesburg yard of the Burlington.

The Norfolk & Western used both methods, and in the DeCoursey yard use was made
of a slightly different form of the graphic method.
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I think it is proper to point out that these two methods which are referred to in

the Manual are still satisfactory, and it is only a question of substituting in those methods

the proper car resistances, which must be determined experimentally.

This report is submitted as information.

Vice-President Layng: Your report will be so received.

Chairman Hedley: Our next report is on Assignment 7—Freight car repair facilities,

which will be presented by Mr. W. O. Boessneck.

W. 0. Boessneck (Erie) : This report covers both heavy and light freight car repair

facilities and is rather lengthy. I will touch only on some of the main features. On pages

80 to 83 there is a description of a heavy freight car repair facility that was built by a

railroad in 1929 and contains quite interesting features. On page 83 to page 87 there is

information covering ten light freight car repair facilities that have been constructed

since 1925.

In these data emphasis is placed on the features in these yards which differ from

the recommended practice now in the Manual and also new features that are not now

mentioned in the Manual. On page 87 are comments concerning these ten yards, explain-

ing some of the differences between the new yards and the Manual recommendations.

It is the intention to continue the study of the subject, with a view to submitting

recommendations for inclusion in the Manual at a later date.

The report is offered as information.

Vice-President Layng: It will be received as information.

Chairman Hedley: Our other report is on Assignment 9 which has been reported on

cont'nually during the past number of years under the chairmanship of the same man,

Mr. E. E. R. Tratman. He has again prepared for us this year a bibliography on subjects

pertaining to yards and terminals appearing in current periodicals, which is set out on

pages 88 to 94, inclusive. I think you will find it covers very thoroughly the writings on

matters pertaining to our committee's work during the past year.

With the offer of this material as information, our report is completed.

Vice-President Layng: Thank you very much. Mr. Hedley. The committee is dis-

missed with the thanks of the Association. (Applause)

Discussion on Iron and Steel Structures

* (For Report, see pp. 179-182.)

(Vice-President Layng presiding.)

Chairman J. E. Bernhardt (Chicago & Eastern Illinois) : The first assignment

—

Revision of Manual—will be submitted by the subcommittee chairman, Mr. O. E. Selby.

O. E. Selby (Cleveland, Cincinnati, Chicago & St. Louis) : The first item is intended

to correct an omission in the present specifications. The proposed revision is:

Revise Item 2 to read:

2. Is the alinement straight or curved ? 105,208

If curved, what is the degree of curve? What is the superelevation of the outer

rail? What speed should be used in the design?

The additions to the present wording are the introduction of the article 208 and

the information as to speed.

I move the adoption of the revision of Item 2 of Information to be given bidders,

as read.

(The motion was seconded, put to a vote and carried.)

Mr. Selby: The committee desires to withdraw its recommendation as to Article 204

of the specifications for steel railway bridges.
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I hope I shall not have to read Articles 206 and 208 as proposed. They are rather

lengthy. I am sure anyone who is interested must have read them. If it is agreeable,

I will move the adoption of the revisions of Articles 206 and 208 as printed.

These articles are closely related and refer to impact. They arc merely a rewording

of the specifications for impact and centrifugal force and not intended to make any

material change in the substance.

(The motion was seconded, put to a vote and carried.)

Mr. Selby: The revisions of Articles 216 and 218 as printed merely give effect to the

deflection of floor beams. The two revisions go together.

I move the adoption of the revisions of Articles 216 and 218 as printed in the

bulletin.

(The motion was seconded, put to a vote and carried.)

Mr. Selby: The revisions of Articles 504, 511, 512 and 513, as printed relate to

workmanship on so-called solid floor sections which we have defined, and also introduce

some revisions of workmanship in other items of shop drilling and reaming.

I move the adoption of the revisions of Articles 504, 511, 512 and 513 as printed in

the bulletin.

(The motion was seconded, put to a vote and carried.)

Mr. Selby: I will read the revision of Article 527 because I want to change the

position of the word "bearing." I will make the motion for adoption as read rather

than as printed.

Revise to read:

527. The ends of bearing stiffeners on beams and girders shall be milled or ground to

bear against the flange or else shall be welded to the flange.

There is no other change in the remainder of the article. I move the adoption of

the revision of Article 527 as read.

(The motion was seconded, put to a vote and carried.)

Mr. Selby: That completes the work on assignment 1.

Chairman Bernhardt: The committee has no report to make on the remaining seven

assignments, but I do want to tell you that, in connection with subject number four,

we are accumulating a lot of data from research work carried out under the direction

of Professor Wilson at the University of Illinois for the Committee on Fatigue Testing

(Structural) of the Welding Research Council of Engineering Foundation.

This concludes the report of Committee IS. •

Vice-President Layng: This committee is noted for the thoroughness of its work.

Gentlemen, you are now excused with our thanks. (Applause)

Discussion on Economics of Railway Labor

(For Report, see pp. 121-139.)

(President Clarke presiding.)

Chairman H. A. Cassil (Pere Marquette) : Progress in study has been made on a

number of our assignments, and at this meeting we present one progress report and two

finals. The first report will be submitted by Subcommittee 5—Labor economies derived

from cleaning ballast, Mr. F. R. Paisley. This is a final report submitted as information.

F. R. Paisley (Pittsburgh & Lake Erie) : The forepart of this report stresses the

importance of drainage, and roadbed maintenance, and the necessity of clean ballast.

Dirty ballast is caused by cinders from locomotives, dust that leaks from cars of coal

as well as other lading such as iron ore and limestone dust, and also sand from locomo-

tives, windblown dirt from adjoining fields and industrial plants, the disintegration of



Discussion 607

the ballast, mud and water drawn from the subgrade, dirt left in ballast improperly

cleaned before placing and spoil dropped during ditching and other such operations.

Economies derived from cleaning ballast are outlined in tabular form, consisting of

the following items:

(Mr. Paisley then read the nine tabulated items of labor economies on page 123.)

Mr. Paisley: The committee, in studying this problem, came to the conclusion that

the extent of saving in manhours and money cannot be determined because of the many

variables involved, which are obvious, such as:

The standard of maintenance required.

The expenditure in labor involved in the cleaning process, depending on the methods

employed, ranging from hand forking to the most modern mass production machine

methods.

The period between cleanings is extremely variable, depending on the amount of

foreign substances that foul the ballast, which varies with local conditions.

The expenditure in labor will depend on the severity of the defective roadbed con-

ditions caused by dirty ballast and on the extent of the resulting damage to rails, ties,

other track materials and the existing ballast.

Another variable is introduced by variation in policy as to the cleaning of the

cribs. When the intertrack and shoulder spaces are cleaned, it is desirable but not neces-

sary to clean the cribs if the voids in the ballast are large enough to permit the dirt to

wash out. Considerable labor will be saved if the ballast is not removed from the cribs

but, on the other hand, the interval between cleanings will be shortened.

To sum up—this committee finds that labor economies will be derived from cleaning

ballast, depending on local conditions, the extent of which must be determined by each

road, based on its individual experience and the results obtained.

Chairman Cassil: The present labor shortage, of course, has brought into the fore-

front all kinds of things that can be done to save labor. One of the important assign-

ments of this committee is to review means of meeting the current shortage of chemicals

and fuel oil for the destruction of weeds in railway track. This report will be submitted

by Mr. J. S. McBride, chairman of the subcommittee.

J. S. McBride (Chicago & Eastern Illinois): Last summer the director of railway

transport of the Office of Defense Transportation, as claimant agency for railroads, wrote

the president of the AAR reviewing the shortage of chemicals for weed killing and

suggesting that the AAR might wish to make tests of other chemicals. The result of this

letter was that the subject of reviewing the means of meeting the present shortage of

chemicals and fuel oil in the destruction of weeds in tracks was assigned to this

committee.

The committee, in handling this assignment, felt that with the present manpower
shortage it should stress the importance of weed eradication in connection with track

maintenance. The report gives excerpts from previous publications of this Association

showing the necessity of the elimination of weeds and other vegetation from track for

economy in the use of railway labor.

It is pointed out that inability to rid track of vegetation for only two items of

track maintenance, viz., maintenance of surface and renewal of ties, would increase the

labor requirements of the roads of this country tens of millions of man-hours per year.

Other items of track maintenance are also increased by vegetation in track. Large in-

creases in labor requirements for track maintenance because of increased 'war traffic have

already occurred and the railroads are not in position to assume the additional labor

burden because of vegetation in track.
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The committee thought this condition should be indicated for the benefit of our

claimant agency in obtaining the maximum amount of chemicals and oil possible.

Chemicals and oil are critical war materials and should be conserved as much as

possible.

Arsenic and sodium chlorate are the chemicals commonly used and railroads, in order

to conserve these chemicals, have tested various compounds to reduce the amount of

arsenic and sodium chlorate and have tried substitute materials.

The reduction of arsenic and sodium chlorate in these tests was accomphshed by

using lesser amounts of these chemicals mixed with various oils and other less critical

chemicals such as sodium bi-sulfate, borax and caustic soda. The substitute materials

were entirely different chemicals as shown in the report—proprietary compounds, petro-

leum by-product and common salt. These tests failed to develop any satisfactory sub-

stitute for arsenic and sodium chlorate for killing vegetation.

Some use has been made of steam for killing vegetation, but the reports to the

committee show varying results.

There is no substitute for oil in burning weeds, but in order to conserve oil the

committee has shown results obtained from tests made of burning in Wyoming and

North Dakota which have proven satisfactory in the semi-arid Northwest but have not

in other parts of the country where the vegetation is more abundant, the growing season

longer and rainfall much greater. Oil can be conserved by using the proper grade and

there is offered a specification of oil as recommended by weed burner manufacturers.

The committee has no information as to what oil will be available this year. Several

months ago information was received that for the last quarter of 1943 and the first

three-quarters of 1944 the railroads were allotted 4,500 tons of arsenic and 1,783 tons of

sodium chlorate. These quantities are nearer the requirements and considerably more than

for the previous period. Whether these allotments will later be changed, we do not know.

The conclusions of the committee are shown on page 139. This report is offered as

information.

Chairman Cassil: I think that report covers the situation quite well. As a sort of

side comment, I will give a little information on the experience of the Pere Marquette.

When we commenced using a chemical weed killer, one of the first applications was

on a piece of track near Saginaw, Mich., where weed growth was very heavy, and each

year the section force put in about five weeks on a first cleaning, with some follow-up

later. After one application of the chemical, that work of the section gang was cut down

to not much more than one week, and eventually the weeds practically disappeared.

Thus, it is quite evident there is a real saving in labor in the use of weed killing materials.

The report of Subcommittee 10 comprises a comprehensive study of the difficulties

of the labor situation. The title of the committee's work is—Means of increasing labor

supply for maintenance of way work for the duration of the war to overcome acute

shortages. That will be submitted by the chairman, Mr. Elmer T. Howson.

E. T. Howson (Railway Age) : The report is submitted as information.

It presents in detail methods that have been employed by various roads to over-

come the shortage of labor that is so widespread. I won't review this report; you have

it before you. It has also been released, because of its timely character, to the technical

press and has been already published.

I will merely turn to page 134 and abstract the summary and the conclusions.

(Mr. Howson then read the first paragraph under Summary and the material appear-

ing under Conclusions, omitting the reading of the possible measures listed under 3.)

Chairman Cassil: Mr. Chairman, that finishes the work of Committee 22 for the year.
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President Clarke: The committee has only reported on three subjects but their

importance cannot be too strongly stressed. Two of them, cleaning ballast and weed

control, bear directly, and to a very great degree, on this very important subject we

are considering—labor.

The third report is unusually interesting, in that it summarizes briefly and concisely,

yet fully and completely, the various plans and expedients that have been resorted to

by the railroads in an effort to meet this crisis.

I compliment the committee on a splendid report and one of the most remarkable

performances in the way of intelligent condensation and presentation that it has ever

been my privilege to hear in meetings of this Association.

It might be of interest to know that during the past two or three weeks I have had

a number of requests for copies of this report from sources that might surprise you, who

were intensely interested in knowing what the railroads had done and what the results

had been. I am not sure that I may not have somewhat tried the patience of the secre-

tary in asking him to furnish me copies of this report.

Thank you, Mr. Cassil, for the report of your committee. You are now excused with

the thanks of the Association. (Applause)

Discussion on Maintenance of Way Work Equipment

(For Report, see pp. 95-115.)

(Vice-President Miller presiding.)

Chairman C. H. R. Howe (Chesapeake & Ohio) : The number of subjects assigned

the committee is 11, on three of which no reports are submitted. These are:

1. Revision of Manual.

4. Self-contained direct-blow gasoline tampers.

7. Railway owned automotive equipment.

The reports on the remaining eight subjects will be presented by the respective

subcommittee chairmen. The first on which we will report is Assignment 2—Standardiza-

tion of parts and accessories for railway maintenance motor cars. Mr. R. K. Johnson,

subcommittee chairman, will present the report.

(R. K. Johnson, Chesapeake & Ohio, read the first paragraph of the report on

Assignment 2, and the items listed under motor car classes.)

Mr. Johnson: Item 12 as shown in Motor Car Requirements

—

MW-^A, page 96,

MW-B and MW-C, page 97, and MW-D and MW-E, page 98, should be revised to read:

"12. Paint.—Body, standard yellow for highway signs of U. S. Public Roads Admin-

istration, AREA recommendation; wheels and safety rails, black."

This report is offered for information.

Chairman Howe: With reference to Mr. Johnson's statement concerning the paint

specifications, I would like to add that this report was prepared and completed prior

to the adoption and publication in the Manual of the color specification.

The next assignment on. which we will report is—Manual of instruction for care

and operation of maintenance of way work equipment. In the absence of the subcom-

mittee chairman, Mr. G. R. Westcott will present the report.

G. R. Westcott (Missouri Pacific): This is a progress report, presented as informa-

tion. In developing the subject, information is being obtained from committee members,

from work equipment manufacturers, from work equipment operators and repairmen,

and from any other authentic source.

The proposed manual will cover instructions for gasoline engines, Diesel engines,

31 self-contained machines, and 21 auxiliary tools and appliances, as outlined on page 99
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of the report. It is proposed that the manual assume a loose-leaf form to provide for

future revisions, additions or deletions. It is also proposed that specific parts of the

manual be submitted for verification to work equipment manufacturers prior to publica-

tion, to insure that the manual contain no instructions or information detrimental to

the products. The number of machines and auxiliary tools now set up in the report is,

of course, subject to modification as other machines or tools may be presented to our

use before the final completion of the manual.

Chairman Howe: In connection with this report, the volume of work necessary to

produce a manual of instructions is very great, and we hope the Association will bear

with us for a sufficient length of time to produce a work of which the Association will

be proud. That will take some time. The committee has already prepared 125 question-

naires that must be sent to the various equipment manufacturers and others interested,

before we can expect to have the data assembled.

G. M. Magee (AAR) : Have you considered making up that manual in the same

form as our present Manual, so that it could be included with it?

Chairman Howe: That is exactly what we had in mind.

The report on 5—New developments in roadway machines—will be presented by

Mr. F. H. Rothe.

F. H. Rothe (Pennsylvania) : This report is submitted as information, and it is

recommended that the subject be discontinued. There has been no extensive development

of new roadway machines recently, but there have been some new applications of existing

machines, in addition to the remodeling made necessary by the scarcity of certain metals.

One of the popular power track wrenches has been re-designed to use less critical

material. The new and lighter machines now in service show an apparent loss in efficiency

as a result of the change in design.

A tic plate gaging tool developed by one railroad is described in the report. It is

claimed that in a laying operation in which a rate of one 39-ft. rail per minute is

maintained, the use of this tool effects a net saving of two men in the number required

to gage tie plates and straighten them after the rail has been laid on them.

One railroad, which has operated discers and mowers separately for years, has

adopted the practice of pulling and pushing mowers with discing machines. The new

method saves two men previously required and is reported to be more efficient.

The power ballaster. which has been in use for many years, has had its use extended

to include the surfacing of high-speed track in all kinds of ballast. The work of this

machine requires supervision, in common with all tamping, but with an experienced

trackman on each side to shovel ballast as needed and to see that each tie is brought up

against the rail, an excellent and efficient job can be done.

It is believed that the power ballaster will satisfactorily tamp any kind of ballast

with a lift of 1^ in. or more, where cribs are not too full nor ballast sizes too large.

Tamping bars of proper width should be chosen to suit the kind of ballast to be tamped.

Development of new machinery has been delayed under existing circumstances, but

it is expected that when this emergency has passed projects under consideration will be

developed.

Chairman Howe: The next assignment is 6—Mowing machines. This is the first

time that the committee has gone into very great detail in discussing these machines.

We previously published a short description in connection with a report on the general

subject of weed eradication. This report is much more complete and will be presented

by the chairman, Mr. C. H. Ordas.

C. H. Ordas (Chicago, Milwaukee, St. Paul & Pacific) : Your committee presents

first a description of the various types of weed mowers now in use on many railways of



Discussion 611

the country, together with pictures of some of them. Then follows a brief outline of

the advantages and disadvantages of the different types for mowing the vegetation of

different kinds under varying conditions and locations.

The consensus of the committee is that mowing machines of today, operated by

experienced forces, will do a better and quicker job of mowing than by the laborious

use of hand scythes and sickles. The costs of operation, fuel, oil and repair parts are

negligible for the territory cut over.

The committee presents this report as information, with the recommendation that

the subject be discontinued.

Chairman Howe: The next subject is 7—Power spike pullers. The subcommittee

chairman, Mr. T. M. Pittman, was here but he was called away. This report although

brief, contains some information pertaining to two makes of spike pullers, one of which

is now obsolete, and the descriptive matter describes the other machine, giving some sug-

gestions as to its proper use and care.

The report on Assignment 9 which was previously presented to the Association—
Wire rope used with work equipment—will now be presented to you by the subcommittee

chairman, Mr. R. A. Morrison.

R. A. Morrison (Pere Marquette): Last year, on this assignment, the committee

submitted, a report on the construction and appKcation of wire rope to maintenance of

way work equipment, this material being presented as information, with the recom-

mendation that the assignment be discontinued. However, at the request of the Board

of Direction your committee now submits it for adoption and inclusion in the Manual.

I therefore move the adoption of the report bearing the title, Wire Rope Used With

Work Equipment, which appears on pages 256 to 261, inclusive, in the Proceedings,

Vol. 44, 1943, for publication in the Manual.

(The motion was seconded, put to a vote and carried.)

Chairman Howe: The next assignment is 10-—Power saws for cutting rail. This

report will be presented by Mr. J. N. Todd.

J. N. Todd (Southern) : This report is submitted as information, with the recom-

mendation that the subject be discontinued. There are a number of machines for cutting

rail, but we have considered only a portable engine-driven saw which is used by main-

tenance of way forces. The machine is described and some of its uses are listed. There is

a brief description of a special application on one railroad where eight saws, together

with drills, grinders and power wrenches, were used for cropping rail in track. A more

detailed description of this operation appeared recently in one of the railroad magazines.

Chairman Howe: The concluding subject is Assignment 11—Means for conserving

labor and material. It is so extensive in its scope that the committee hardly knew where

to stop writing.

I will ask Mr. George Boyd to present the report with such comments as he cares to.

G. E. Boyd (Railway Age) : Manufacturers have taken the initiative in making sub-

stitutions for critical materials in the construction of their equipment, so that little

remains for the maintenance officer to do along this hne. However, the report points

out two ways in which both labor and material can be conserved, after the equipment

gets into his hands.

Briefly, these are to equip gangs with all of the power tools that they can work

effectively and to maintain the machines to a high standard of operating efficiency.

The report points out a number of ways in which that can be done, giving several

specific examples of such conservation.

The remainder of the report describes briefly the metalUzing process of repairing

and reclaiming worn parts. This description was included not because the process is new
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but because it has heretofore been used only to a limited extent in the repair and

maintenance of work equipment.

Chairman Howe: That concludes the formal presentation of the report. The com-

mittee, however, would welcome any discussion.

Vice-President Miller: You have heard the report of Committee 27—Maintenance

of Way Work Equipment. With the exception of the one assignment which you have

voted on for adoption and inclusion in our Manual, the subjects are open for discussion,

based upon the presentations made. Is there any discussion?

If not, Mr. Howe, I thank you for your presentation, and the committee is excused

with the thanks of the Association. (Applause)

Discussion on Records and Accounts

(For Report, see pp. 207-224.)

(President Clarke presiding.)

Chairman H. L. Restall (Boston & Maine) : Since the last convention, we have

confined our attention to five subjects which we believe are directly connected to railroad

engineering and accounting, during these war years, and upon which we will render

reports. The remaining five assignments have been deferred for the duration.

In our last report to the Association, we called attention to the order of the Inter-

state Commerce Commission making mandatory the taking of depreciation for accounting

purposes, as of January 1, 1943. While it is true that this subject derives its authority

from an accounting order, it is also important to note that its determination and

administration have been delegated to the engineers, and the results thus obtained are

directly reflected in the maintenance of way accounts.

This subject and the one pertaining to certain ICC regulations directly affects all

engineers and should have their most serious consideration.

It is from this engineering viewpoint that we have compiled our report for this

year, and I will now call upon Mr. D. E. Field, chairman of the subcommittee, to

render the report on the first assignment—Revision of Manual.

D. E. Field (Columbus & Greenville): Someone has asked this question: "Not an

American race? Well, what is an American?"

"Listen, an American is a fellow whose grandfather was a German forty-eighter,

who settled in Wisconsin and married a Swede, whose mother's father married an

English-woman, whose son met a girl at college, whose mother was an Austrian and

whose father was a Hungarian Jew, and their son in the twentieth century right now is

six feet tall—we are, perhaps, the tallest race on earth—goes to a state college, plays

football, can't speak a word of any known language except American and is doubtful

whether he ever had a grandfather."

You may wonder why I mention that. It seems to me that an engineer is almost

the exact antithesis of that. An engineer compiles and works up some of the driest state-

ments that you ever heard of. And of all the dry statements, I think revision of the

Manual is, perhaps, the driest.

We are proud of the fact, though, that during the past year, in cooperation with the

secretary of the Association, your subcommittee completed the rearrangement and edit-

ing of Chapter 11 of the Manual, and the complete chapter, as rearranged and edited,

was printed and issued during the summer of 1943. In this editing and rearranging of

the chapter, gaps were left in page numbers to allow for future expansion of certain

subjects, and for the replacement of some material which was temporarily withheld
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from the Manual because of obsolescence or other reasons, and which will be subject

to further study by the committee.

This report is submitted as information.

President Clarke: The report will be received as information.

Chairman Restall: Bibliography on subjects pertaining to records and accounts will

be given by Mr. Braden, chairman of the subcommittee.

E. V. Braden (Pittsburgh, Chartiers & Youghiogheny) : The debilitating effect of

the great depression of the 1930s on carriers, Hke railroads, has brought about radical

changes in recording and accounting practices on American railroads. At first, only roads

in reorganization were interested, but by interpretation of the law, and governmental

regulations and orders, these changes, for instance, the reclassification of accounts and

depreciation accounting, are now mandatory on all railroads. As these developments were

taking place over the years, this subcommittee listed and emphasized important articles

thereon, showing the trend of thought and practice.

This year the outstanding headache or thrill, depending on one's own taste, or,

perhaps, it would be better to say—the outstanding problem is the development of the

practice in depreciation accounting. In addition to references to publications of a cur-

rent, routine nature, we invite your attention to those articles in the bibliography here-

with submitted, which reveal the trend of thought and early plans to give effect to

depreciation accounting.

The report is submitted as information.

President X)larke: The report will be so received.

Chairman Restall: The report on the assignment covering valuation will be presented

by the chairman of the subcommittee, Mr. Baldwin.

F. B. Baldwin (Atchison, Topeka & Santa Fe) : The assignment is—Valuation.

Progress reports are made on two general topics relating to that subject. The first of

these is—Resume of developments of the current year in connection with regulatory

bodies and the courts. The regulatory body having to do with railroad valuation prob-

lems is the ICC Bureau of Valuation. It now comes about that another ICC bureau,

the Bureau of Accounts, has issued an accounting order inaugurating depreciation ac-

counting on roadway property, and we find that the valuation records being kept, under

the requirements of the Bureau of Valuation, are of very great service in preparing the

base and determining satisfactory depreciation rates to use under the order of the

Bureau of Accounts.

Those carriers who had their valuation records in good shape found little difficulty

in complying with the depreciation order. We have heard many laments from those

others who did not have their valuation records in good shape.

One unsatisfactory condition met with was that, because of its reduced appropria-

tion, the Bureau of Valuation did not have its work more nearly up to date. It is

important to the railroads that the Bureau's work be kept up to date, and it is believed

that the roads should encourage an adequate appropriation for this purpose. It is not

important that complete revaluations of the road or roads be kept current, and, as

suggested in the third paragraph beginning on page 211 of the report, there is some

doubt as to the propriety of the Bureau publishing recommended values from time

to time.

The facts as to current inventories, original costs and price trends, however, are

matters that can be kept current as a matter of economy, in order to permit revaluations

quickly and accurately, as and when revaluations are needed.

Under the heading of Court Decisions, the report takes some space to record what

the courts have said recently as to the methods of making valuations, a subject that has
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been under discussion, within my knowledge, for the past 25 years. Recently I have

seen some old correspondence in which the same matter had been under discussion for

the past 40 years.

There seem to be advocates of several bases for valuation. Some say "prudent

investment", others say "original cost", still others say "cost of reproduction." The other

day I read of a case where, 40 years ago, a railroad was considering the acquisition of

another railroad. The original cost of the property was .known, but whether that cost

represented a prudent investment was not known. The company's chief engineer was

instructed to make an inventory of the line and an estimate of what it would cost to

build a line of the same character, making allowance for the depreciation that had

taken, place.

From this, it appears that a reproduction cost estimate is needed as a yardstick to

aid in forming a judgment of what is a prudent investment or a fair original cost.

These court decisions seem to indicate, too, that the purpose for which a valuation

is to be used may influence the basis of determination. In some cases a property's earning

capacity is favored.

In the Hope Natural Gas Company case, (we have covered quite a little space in

the report to show the court's decision) the Federal Power Commission's order, reducing

wholesale rates for natural gas in West Virginia, was reversed by the Circuit Court of

Appeals, on the ground that a fair value on which to base the rates had not been found.

Since the committee's report was written, the Supreme Court decided to reverse the

Circuit Court's reversal and affirm the Commission's finding. Again, the courts have

refused to establish a general rule for the correct method of finding a fair value. The

reasons for this are possibly the same that prompted Congress to avoid doing so in the

original Valuation Act.

The second of the general topics covered by the report begins on page 2 IS. Two
closely related matters are called to your attention; first, depreciation accounting for

road property as performed on the books of the company under a mandatory order of

the ICC and, second, depreciation as it may be determined by a carrier in connection

with the income tax returns to the Bureau of Internal Revenue. Both of these have to

do with a change from the past method of charging the depreciation of road property

as a part of the cost of furnishing transportation, that is, charging the total cost of the

facility worn out in service, all in a lump sum, when the facility goes out of service,

and adopting a new method of charging the cost of that facility a little each year

throughout its years of service.

The first was an accounting order, and it involved a determination of the original

cost of the depreciable items, and the rate at which the depreciation would take place.

As to the original cost, few carriers have adequate records. As a substitute, most of

them were willing to accept the original cost as found or estimated by the Bureau of

Valuation. It was fair, to a large extent, and could be secured without much work. The

rate of depreciation is in the realm of engineering.

Here the valuation records were of great assistance in fixing the rate. The age of

the units of properties still in service and the age at which such units have been retired

in the past can be determined as some indication of future life expectancy.

With approval by the Bureau of Accounts, many carriers have adopted tentative

rates worked out with the Bureau of Valuation. Some of these may need adjustment as

further experience may indicate, and the Bureau of Valuation, in cooperation with the

carriers, is making some progress along this line.

The second item, depreciation accounting as performed in connection with income

tax returns, relates to the arrangements which may be made with the Bureau of Internal
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Revenue by those carriers who wish to change to the depreciation method. This also

requires the original cost of the property and the rate of depreciation. That bureau has

been willing to accept the original cost as found by the Bureau of Valuation, but the

technical staff of the commissioner of internal revenue does not agree entirely with the

engineers of the Bureau of Valuation as to the rates of depreciation. It is hoped that,

when further experience is gained, these differences in rates may be reconciled.

Instructions issued by the commissioner of internal revenue are somewhat lengthy,

but it is thought that they are of interest to many members of the Association, so they

are included in the subcommittee's report beginning at the bottom of page 215, where

they are available for ready reference.

President Clarke: The reports on the two assignments which have just been presented

are submitted as information, and they will be so received.

Chairman Restall: The report on the assignment covering revisions of ICC account-

ing classifications, will be given by the chairman of the subcommittee, Mr. Barnes.

H. D. Barnes (Chicago & North Western) : While the current report for this sub-

committee enumerates quite a number of changes in accounting classifications, there are

indications that the rate of change may be declining. The numerous revisions made during

the past several years have been confusing to not only the engineer but to the accountant

as well. However, these changes are of some benefit to those responsible for the main-

tence of properties, in that many of the so-called book, charges have been eliminated

from the primary maintenance accounts.

Charges to those accounts will hereafter more nearly represent money actually spent.

As in previous years, our report has been prepared to show the proposed and actual

changes made during the year, that are of interest to engineers.

The first part contains a list of proposed accounting rulings or orders submitted by

Mr. Bunnell, vice-president of the Association of American Railroads, from the ICC
Bureau of Accounts, which have been reviewed by your committee. This is followed by

a list of the orders modifying the accounting classifications and accounting rulings or

intepretations issued by the ICC during the year.

It is understood that the proposal to further modify the minimum rule with respect

to property changes has been deferred for the duration, but the question of finding a

unit of property is still under consideration. The latter has not been referred to your

committee for its views.

This report is submitted as information.

President Clarke: The report is submitted as information, and it will be so received.

Chairman Restall: The report on the assignment covering simplification of govern-

ment requirements will be given by Mr. Powell in the absence of the subcommittee

chairman, Mr. Knowles.

A. T. Powell (Grand Trunk Western) : This subject, the simplification of require-

ments of the ICC and other public authorities, has been standing on our doorstep for a

long time. We have invited it inside quite frequently, hoping to get better acquainted

with it, but without success. We have never become what you might call really friendly

with it. What is the reason we have not made friends with the subject?

Well, it's something like the weather. Everybody talks about it but nobody has

yet been able to find a way to change it, be it good or bad. Likewise, we have never

been able to find a way to reach out to the many bodies of public authorities and effect

simplification of their requirements. Their requirements, so far as we are concerned,

seem to be about as uncontrollable as the weather. However, it is our fond hope that,

if we talk often enough and long enough about the great need for simplification of
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reports to public authorities, some way may eventually be found to ameliorate, if not to

cure, the conditions with which wc have been burdened so long.

This year your committee, through a cooperative effort with other dvisions forming

a committee of the AAR, is studying the matter of simplification solely from the

standpoint of the carrier's own managerial requirements.

The membership of the AAR committee was selected with the purpose of having

the primary functional activities of the railroads represented thereon, in order to obtain

a diversity of views as to managerial needs. The objective is to work out what the com-

mittee may regard as a standard, for subsequent adoption, of basic statistical data for

managerial purposes.

At this time progress is only reported.

President Clarke: The report is being submitted as information, and it will be

so received.

Chairman Restall: This concludes the report of Committee 11—Records and

Accounts.

President Clarke: Again, the Committee on Records and Accounts has presented

to us, in a most interesting way, a report on a very important subject, with which we

are finding we must become more and more familiar.

The committee is excused with the thanks of the Association. (Applause)

Discussion on Cooperative Relations With Universities

(For Report, see pp. 253-265.)

(President Clarke presiding.)

Chairman E. T. Howson (Railway Age) : The past year has been one of extraor-

dinary difficulty for the members of this committee. Railway members, in common with

all railway men, have struggled under record responsibilities, while representatives of the

universities have faced the almost complete submergence of their normal peace-time

training objectives to all-out preparation of their students for war-time operations. As a

result, your committee has been forced to postpone study of those of its assignments

that deal with university programs and procedure, but has continued to press forward

in the development of its other work.

It is the province of this committee to direct the attention of railway and university

authorities alike to the importance of preparing young men of the highest ability for

careers in railway service. Of special importance is the task of awakening railway ex-

ecutives to the importance of building their organizations for the future and, as an

essential preparation to this end, of attracting into their service young men of superior

ability and education for training in the practical rudiments of railroad operation in

order that, when the need arises, men of requisite leadership may be available to carry

on the responsibilities that the older men must lay aside. This they have not been doing

as an industry, to the degree that other progressive industries are doing, as has been

demonstrated in the reports that this committee has presented to you from year to year.

Ours is not a short-time task. On the contrary, it is a continuing task of education,

looking to the ultimate universal realization by railway and college authorities alike

that the railway industry requires the most capable leadership available and is prepared

to compete with other industries for its full share of the most promising young men who
leave our institutions of learning. As such, the work of your committee dovetails in very

intimately with that of post-war preparation of the railways.

The first subject assigned to our committee for report is to stimulate greater appre-

ciation among railway and university officers of the fundamental importance of instruc-

tion in transportation and economics, and, second, the necessity for presenting courses
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of instruction based on current railway conditions and taught by men of adequate

ability and experience. This report will be presented by the subcommittee under the

leadership of Mr. Hastings, chairman of that subcommittee.

E. M. Hastings (Richmond, Fredericksburg & Potomac): This is a report of

progress. It was thought wise during this past year to ascertain from a number of our

important railways their practices and their views with reference to the subject assigned.

But, as a sort of leading thought in presenting it to these railway executives, your sub-

committee extracted from a letter that was received by the chairman of the subcommittee

from a dean of engineering of one of our fine universities. That extract is found on

page 2SS. I am going to read it.

(Mr. Hastings read the second paragraph of the extract from the letter which

appears on page 255.)

Mr. Hastings: If you will read the replies that we received from several of the

executives in the pages that follow, I think you will find for yourselves that that state-

ment of the dean did provoke very thoughtful statements from these railway executives.

There are a number that have not replied, yet I have personally had from them and

from some of their associates, advice that they will, during this year, have something to

say on the matter.

We want to call the attention of you men, particularly, who are employing engineers,

to the fact that there are some very difficult problems just ahead of us; how far ahead,

we do not know, but when these young men who have been given both the Army and

the Navy training programs in engineering, return from the war activities to civil life,

they are going to seek employment and I believe, in many cases, they are going to seek

it in the engineering field. We need to be thinking about what we can do to finish out

the training of these young men who are not finished products in engineering ' and yet

have had that which is fundamental and was needed for the war program.

The committee believes that plans can be formulated whereby the railroads can

secure a number of these young men returning, working them part-time and letting them

complete their education. Of course, there are going to be many who are not going to

want to finish their education. They are going to feel that they have had all that is

necessary and that they are, in every sense of the word, engineers in the particular

engineering field in which they received their Army or Navy training. Now, we must do

something for those young men, because in that group there are many with great promise.

I say that from personal knowledge of a number of the groups with whom I have

talked in the last six to eight months

The railways are going to be presented with a tremendous task when this present

situation ceases. What are we going to do to meet the challenge that comes to us when
this task is presented? These after-the-war problems for the railways are going to be

real. They are not going to be something visionary, something that will appeal to some

starry-eyed social reformer, but will need the hard, sound, practical sense of the railway

officers and the railway engineers who have faced problems before, have overcome the

difficulties, will face the problems of the future and overcome those difficulties.

So I am asking you, particularly you men who are employing engineers and

choosing officers of the railroads, that you keep your mind on the problems that are

coming to us and look for what you can do for these young men who will come to us

after the war is over. It is a real challenge, men. For years I have been profoundly inter-

ested in the work that our student groups have been doing at their various colleges and

universities, those student groups, particularly, in engineering. It has given me an educa-

tion that I never expected to receive, and it has given me, I hope, a breadth of view

t-hat will enable me to see the problem of the young man.
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Many of us that are older do not exactly understand the problem of the young

man today, but it is very real. I was talking yesterday with one of the distinguished

members of this Association and told him, in the conversation, that the thing we needed

to do was to lay the groundwork now for these young men to stand upon, and to go

forward from now on, and when I say "now" I mean at the close of the war.

This is presented as information.

President Clarke: It is very definite information and most interesting information

and will be so received.

Chairman Howson: The second subject assigned to this committee is that of calling

to the attention of universities and colleges such information and conclusions as are

developed by this Association. The subcommittee, headed by Mr. Faucette, presented a

report on its activities a year ago. Since that time it has been pressing its work, but

presents merely a report of progress this year, looking to a more extended report

next year.

The third assignment given this committee is that of developing means of bringing

to the attention of railway managements the value of a technical education. The work

of that committee is under the direction of Mr. Schwinn, and he will present its report.

F. S. Schwinn (Missouri Pacific Lines) : In previous progress reports, your com-

mittee has stressed the desirabihty of the railways' adoption of a plan to recruit and

train desirable young men coming out of our colleges. Our critics, if we have any, will

naturally direct attention to railways that had such plans years ago and inquire why

those plans had been discontinued.

Your committee was able to secure some limited information regarding three dis-

continued plans. One of these was inaugurated over 40 years ago, another 30 years ago,

while a third was undertaken about 20 years ago. This information is now presented

as a report of progress. It is important to recognize that these were successful plans,

in that they attracted desirable young men and provided the means of satisfactorily

training those men. It is also important to note that some railways considered the recruit-

ing of such men as a desirable activity many years ago, when competition for their

services was not nearly as keen as it is now.

Although it may not be found practical to activate a recruiting and training plan

during the present war emergency, this should not keep us from developing such a plan

and having it in readiness to meet our needs.

A number of railways are carrying out procedures which have been producing the

desired results throughout the years of the depression and during the recent war years.

Believing that the experiences of those railways will be interesting and of material

assistance to other railways contemplating similar recruiting programs, your committee

proposes to review those plans in further reports on this assignment, and it is recom-

mended that this subject be continued.

President Clarke: The report is submitted as information and will be so received.

Chairman Howson: The fourth subject assigned to this committee for study and

report is that of stimulating a greater interest in the science of transportation among

university and college students, and creating thereby a greater appreciation of the place

of transportation in our national economic structure, cooperating with organizations of

university and college students and contributing to their activities in such manner as

may be mutually arranged.

Dean R. P. Davis, chairman of that subcommittee, will present its report.

R. P. Davis (West Virginia University) : There is a real job to be done if the

transportation industry hopes to interest students in this field. I have been in touch

with engineering education over a period of 40 years. When I graduated, railway engineer-
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ing was one of the important branches of civil engineering training. At the present time,

I regret to say, both on the part of engineering college faculties and on the part of

student bodies, interest has practically disappeared, and something has got to be done

if the railroads want to get their fair share of the young engineers' best talents. Whereas

other industries are doing a vast amount of work in recruiting the best of the young

graduates, by and large, the railroads are doing very little.

In this report we outline a few things which might be done to stimulate greater

interest among students and, with your permission, I will read a few excerpts of this

rather brief report.

(Dean Davis then read various paragraphs of the report on Assignment 4.)

Dean Davis: This report is submitted as information.

President Clarke: As I look at the audience this morninc, I suspect that many here

remember the condition which the Dean spoke of, when almost every civil engineering

student looked forward to a railroad career. I doubt if we realize fully how that has

changed. This, I think, is one of the most informative reports, one of the most challenging

reports, that has been presented, and it will certainly justify study by every engineering,

administrative officer and by every executive officer of the railroads.

Chairman Howson: The fifth and last subject assigned to this committee for report

is that of developing means whereby facilities of the universities may be made more

directly available for research work of the Association and the railway industry, by

cooperative effort between the staffs of the universities and the committees of the

Association.

Professor J. B. Babcock, chairman of that subcommittee, could not be with us at

this meeting, and Mr. Lem Adams, a member of his subcommittee, will present the report.

Lem Adams (Oxweld Railroad Service Company) : We have a very limited report on

this subject because of the fact, first, that Professor Babcock, being professor of trans-

portation at M.I.T. where so much of our Army officer training is under way, naturally

didn't have any time to devote to getting the subject together. However, I will read the

brief report as drafted by the subcommittee.

(Mr. Adams then read the second paragraph of the report on Assignment 5.)

Mr. Adams: This tabulation will, of course, require considerable study and inves-

tigation throughout the colleges of the country.

The members of this Association are well familiar with the splendid facilities available

at the University of Illinois where so much work has been done for this Association,

particularly in its investigation of the rail problem that gave us so much difficulty a few

years ago, and the development of the transverse fissure and other studies.

The facilities of Purdue University of course, have been more largely available for

many years to the Mechanical Division, AAR, than to our own Association. More re-

cently, in the Chicago area, at Northwestern Technological Institute, a new laboratory,

splendidly equipped, has been provided. I am sure that, after we get these tabulations

made, we will have something to offer to all of you in your immediate vicinity, where

you will have laboratories that you can use for your research.

That is all of the report.

President Clarke: The report is submitted as information and will be so received.

Chairman Howson: Mr. President, as you have said, the problems assigned to this

committee are challenging. They are challenging to the railway industry in its look to

the future. Today's condition and, particularly, tomorrow's outlook are not reassuring.

The committee feels that every member of the Association who is interested in the future

of the railroads, and that should include and does include, I am sure, every member of

the Association, should enlist in the work of this committee in interesting the manage-
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merits of their railroads in preparations for future engineers, in order that the railway

industry may not suffer in its competition with other industries in the solution of the

critical problems that are going to arise in the years that are ahead.

This concludes the report of this committee.

President Clarke; I can add nothing to what Mr. Howson has said. I can merely

endorse it heartily, ask you to take it to heart and act upon it. Mr. Howson, wc arc

indebted to you and your committee for one of the most challenging reports which has

been presented. The committee is excused with the thanks of the Association. (Applause)

Discussion on Track
(For Report, see pp. 335-392.)

(President Clarke presiding.)

Chairman W. G. Am (Illinois Central) : We have had an unfortunate loss during

the year in the death of Willard L. Roller, who was a member of the committee for a

number of years and who served as chairman of one of its important subcommittees.

You will find a brief biographical sketch on page 336.

Subcommittee 1—Revision of Manual. The only revision of the Manual is in

connection with the report of Subcommittee 3 and will be submitted with that report.

Fastenings for continuous welded rail: The study is being continued, and there is no

report for this year.

Plans and specifications for track tools, including their repair and reclamation, and

recommended minimum limits for reclaimed tools, is Assignment 3;, and Mr. W. E.

Cornell, the chairman of that committee, will submit the report.

W. E. Cornell (New York, Chicago & St. Louis) : This report covers certain changes

in plans and specifications for track tools.

(He read the report on Assignment 3 down to Double Faced Sledge—Plan No. 13,

on page 338.)

Mr. Cornell: We had recommended that the double-faced sledge also be restricted

in number of sizes, but the committee wishes to withdraw that portion of the report.

(He then read the balance of the report.)

Mr. Cornell: With the exception of that part of the material pertaining to the

jhanges in the size of the double-faced sledge, as shown on page 338, I make a motion

that the Manual be revised in accordance with the recommendations as outlined in

detail on pages 337 and 338.

(The motion was seconded.)

President Clarke: In order that you may understand it more clearly, I will ask

Mr. Cornell to explain the change which is proposed under Spike Mauls and Sledge, in

regard to the test. What is the present requirement, Mr. Cornell?

Mr. Cornell: The present requirement of the specification reads: "Sample of each

lot of 10 dozen or less to be subjected to 1,000 full swinging blows for open hearth steel

and 3,000 full swinging blows for alloy steel."

This, the committee feels is an undue requirement for testing. If anyone wanted

10 dozen mauls or chisels, he could require one test; if he got 11 dozen, he could require

two tests. We did not feel it was ever intended that that sort of requirement should be

made. Also, considering the fact that present labor conditions do not permit excessive

testing, we feel it would be better to broaden this out a little.

President Clarke: Then the same applies to the change you are recommending in

Track Chisel.

Mr. Cornell: That would likewise apply.
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President Clarke: Does everybody understand the change which is proposed and the

purpose of it?

I assume, Mr. Cornell, that this has been discussed with the manufacturers' rep-

resentatives and they are in accord with this, to meet their needs.

Mr. Cornell: As a matter of fact, they brought the idea to our attention; that it was

an undue hardship, and, with the present methods of manufacture, it was entirely

unnecessary.

President Clarke: The committee sees no objection to it and is convinced we will

not get tools under this test that would be inferior to those we are getting at the

present time?

Mr. Cornell: That is correct.

President Clarke: I think, if there is no objection, we will vote on these two sections

which involve primarily a change in the method of testing. Is there any discussion of

these two sections?

(The motion was put to a vote and carried.)

President Clarke: Mr. Cornell, the next change proposed, on page 338, consists in the

substitution of a 22-lb. bar for a 20-lb. bar. Is that correct?

Mr. Cornell: The point there is that there are now three sizes, an IS, a 20 and a

26-lb. bar, and there was not enough spread, we felt, between the 18-lb. bar and the

20-lb. bar. We felt the 22-lb. bar would provide a more satisfactory mean between the

18-lb. and 26-lb. weights. That, perhaps, is the only reason for suggesting that change.

President Clarke: Is there any discussion of this particular part of the recom-

mendation? If not, then in regard to Rail Tongs, it is a matter there of changing

the design?

Mr. Cornell: That is correct. We felt we didn't have a good plan in the old tongs.

Our present tongs weigh 22 lb., and the new design that we suggest, weighs 18 lb. We
have maintained the same over-all size but have reduced the weight of the tong by

approximately 4 lb. We had these tongs tested up to 540 lb. workwise, that is; suspended

at the ends of the handles. Then they were given a further test by attaching a weight

near the vertical portion of the handle and lifting approximately two tons, which, I be-

lieve, thoroughly tested the jaws. They also have the feature of not being able to bend

completely backwards and get wedged, as our present tongs do.

Also, the jaws of the tongs are made to more nearly fit the conformation of the rail

section. We feel there is an advantage in that towards preventing slipping.

President Clarke: The reduction in weight certainly ought to be advantageous. The

committee has tested the proposed design and is satisfied it is sufficiently strong, and

the other improvements undoubtedly will also be helpful.

Is there any discussion of this recommendation?

(The motion was put to a vote and carried.)

President Clarke: The remainder consists of the recommendation of the plan for

the double-faced sledge, but you withdraw that recommendation. You also wish to

remove the plan for the track chisel. Is that correct?

Mr. Cornell: That is correct—Design No. 1—Plan No. 16. However, we have the

track adze on which we desire to reduce the number of sizes. There are now 7, 8 and

9-in. blades, and we wish to limit to the 9-in. blade only. This, at the present time,

is a limitation of the War Production Board.

President Clarke: I beg your pardon, I missed those two paragraphs. Is there any

discussion ?

(The motion was put to a vote and carried.)



622 Track

Chairman Am: In connection with the withdrawal of 14 and 16-lb. sledges, it was

found that there was some need for one or the other, and the committee wants to give

it further consideration.

President Clarke: What that means is, you arc simply withdrawing this recommenda-

tion at the present time and will submit something later. For the track chisel, the change

proposed is that the specification be revised to permit open hearth steel. Is that correct?

Mr. Cornell: That is correct.

President Clarke: Do you have any further comments ot explanation of this?

Mr. Cornell: No.

(The motion was put to a vote and carried.)

President Clarke: This will be adopted and included in the Manual.

Chairman Arn: Assignment 4 is—-Plans for switches, frogs, crossings, spring and slip

switches. Mr. E. W. Caruthers, the chairman of the subcommittee, will submit the report.

(E. W. Caruthers, Pennsylvania, read the first two paragraphs of the report on

Assignment 4(a).)

Mr. Caruthers: I move the adoption of Plan 181-44.

(The motion was seconded, put to a vote and carried.)

(Mr. Caruthers concluded the reading of the report.)

President Clarke: Are there any questions or discussion in regard to this plan?

It certainly deserves careful study because this is one of the things which I am sure

is giving all of us more or less concern and some trouble.

The way in which the Standardization Committee of the Manganese Track Society

has worked with our committee has been most helpful. If there are no questions or

discussion, this will be accepted.

E. M. Hastings (Richmond, Fredericksburg & Potomac) : I would like to ask Mr.

Caruthers if any of the frog manufacturers are prepared to make any of these frogs for

test installations.

Mr. Caruthers: The Bethlehem Steel Company has already prepared patterns for

this frog, the No. 10 for ISl^lb. rail. It has also made castings from the pattern. The

Morden Frog & Crossing Works is preparing a pattern, I believe, at the present time,

although that company hasn't as yet made any castings.

President Clarke: Mr. Hastings' question was certainly very pertinent, and I am
sure the committee will be very happy if any of you will take advantage of this and

put some of these in track, so that they may be subjected to the service test. If there

is no further discussion or questions, the report will be accepted as information.

Chairman Arn: Assignment 5 is—Prevention of damage due to brine drippings on

track and structures. Mr. G. M. Magee, the chairman of this subcommittee, will submit

the report.

G. M. Magee (AAR) : Due to conditions, largely a result of the war, it has not

been possible to make very much headway on this assignment the last year. However,

we have been able to arrange with one of the railway laboratories to undertake some

work this year, and I hope that in the report next year we may be able again to report

some substantial progress on this assignment.

President Clarke: Are there any questions? If not, this report will be accepted

as information.

Chairman Arn: Assignment 6—Design of tie plates for RE rail sections as developed.

The committee has no report to submit this year, the subject being continued for

further study.

Assignment 7—Welding of manganese castings in special trackwork. The report will

be submitted by Mr. F. J. Bishop, the chairman of the subcommittee.
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F. J. Bishop (Toledo Terminal) : This is simply a progress report. Your committee

has embarked, as many of you know, on a research program with the hope that we
may learn more about the repair of manganese track castings by welding. We have had

the cooperation of the ntianufacturers, and all of the work is being done under the

supervision of Mr. Magee of the AAR.
In 1939, 24 test castings were made and installed on the Milwaukee Road. In 1942,

these castings had worn sufficiently so that two groups of eight each were welded. A de-

tailed description of the method used in welding these castings is shown in the report,

and the tabulation on page 342 gives a brief summary.

Several types of rods were used, with varying welding currents and, also, three

different diameters of rods. We have found that it was rather difficult, with the meters

provided on welding machines, to know just what our welding currents were. After all,

we feel that that is one of the most important things in the welding of manganese.

We therefore set out to make oscillograph records of the welding currents, and sev-

eral pictures are shown in the report of the variation of the welding current and the

voltage throughout the depositing of the weld.

In order to add to the Milwaukee test and possibly expedite our program, we selected

11 No. 9 manganese frogs for test on the Toledo Terminal in Toledo. These frogs will

carry approximately 40,000,000 tons of traffic a year. The frogs were placed in track in

January 1942, and we found it necessary to repair them by welding in November 1943.

That gives you some idea of how quickly they wear. We welded these under the super-

vision of Mr. Magee and used three different types of rods and three different currents.

On page 354 is a summary of that schedule of work. The oscillograph was used in

connection with the series of tests. Obviously, we can't have an oscillograph attached to

each welding machine. Meter readings fluctuate very widely during the deposition of the

weld metal. So, we took the time of depositing various diameters of rods and developed

—what may be of considerable value—the curve on the top of page 354, showing the

length of time to deposit a rod, which varies with the weld current. Perhaps by that

means we can get a more accurate measure of the current without the use of a meter.

This is offered as information.

President Clarke: This is one of the very interesting and very much worth while

tests which is being carried on by this committee. I think, perhaps, the development has

been a little slower than the committee anticipated, but, in due time, I am sure it will

develop data and reach a conclusion which will be very helpful.

Are there any questions? If not, the report will be received as information.

Chairman Am: Assignment 8 is—Bolt tension necessary for proper supporting of

rail joints. Mr. Magee will submit this report for Mr. Breed.

Mr. Magee: Since Mr. Breed was unable to be here today, he asked me to submit

the report. A large part of the work so far has consisted in the measurements which

have been carried out in determining the loss in bolt tension and wear of joint

bars on the various test installations. In the committee report, the individual measure-

ments have been presented in considerable detail. I am not going to apologize for this,

because I think there are several railroad engineers who are interested in having that

amount of detail given.

However, this year, after five years of experience with these various test installa-

tions, several definite trends have been so well established that we thought we would be

justified in presenting a summary of some of the outstanding features. That summary is

given on page 367. I would like to have all of you who are interested in bolt tension

read it through so that you will have an understanding of what has been done and

what has been learned from these tests.
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I would like to mention some of the more interesting things that were found out.

For example, we found that nuts do not become loose because they back off of the

bolts; rather, the wear between the fishing surfaces of the joirft bars and the rail permits

bars to move closer together, and this, naturally, relieves the strain of the bolt and

releases the tension.

Measurements made on the rate of the inward movement of the bars with traffic

have also shown some rather interesting results. For example, we found, much to our

surprise, that this inward movement is about 0.015 in. a year, more or less, irrespective

of the amount of traffic carried. The only marked difference on the heavy traffic lines

was that the amount of wear and inward movement of the bars was considerably greater

at the center of the bar than at the ends. On the very heaviest traffic lines on which

the tests were conducted, the average inward movement at the center of the bar would

be about twice as much as at the ends, or in the neighborhood of 0.030 in. a year.

These figures should be kept in mind because you will remember that the total take-up

on joint bars is in the neighborhood of % in., which gives you some indication of what

life can be expected from joint bars up until the time that the take-up is exhausted,

and beyond which the bars cannot be expected to give satisfactory service.

Inasmuch as the loss of bolt tension is primarily the result of inward movement

of the bars, it is quite obvious that the reactance properties of the bolt, the bar, the

rail and the spring washer used will have considerable influence on the rate of bolt

tension loss during a year's period. The average result obtained in actual test measure-

ments is shown in Table 12 on page 368. I would like to make this general statement

with respect to that table; the loss of bolt tension over a year's period, as a rough

average, might be considered to be 60 percent, if no spring washer of any kind is used.

In tests where the modern, high reactance type spring washers were used, the loss of bolt

tension over a year's period was found to be from 35 to 40 or 45 percent.

This may be disappointing to some. You may think, perhaps, that the spring washer

should maintain a higher relative amount of tension than this over a year's period, but

it is a fact that the stretch of the bolt itself and the inward spring of the bars and the

stretching of the rail web all have an effect and provide a certain amount of reactance

which makes it possible to use track bolts without any spring washers and still have

fairly good performance with them.

I think the tests have shown that one of the advantages of using spring washers,

equal in importance to providing reactance for maintaining tension, is the fact that,

when an occasional bolt does become loose, it will maintain enough tension on the bolt

so that it will not rattle in the hole and thus batter the threads so that the nut cannot

be tightened up. I think if a complete examination is made of rail which has been in

track four or five years, you will be surprised to learn how many bolts you will find

which are no longer really serviceable, and cannot be tightened up.

We have felt, from the investigation, that one of the most important things we

should consider is the variation in the thread friction which is now permitted in our

specifications. It certainly is obvious that if you want to get a uniform bolt tension

and you apply a uniform tightening torque for that purpose, where the bolt and nut

have an exceedingly tight fit, the bolt tension will not be as high as desired. On the

other hand, on nuts with a free thread fit, the bolt tension may be more than you would

like to have. So, we are suggesting for further work that this matter of desirable thread

fit be carefully looked into, and I think the use of modern power wrenches in which

the nuts are applied very rapidly makes this even more important.

We also believe, based on the examination of bolts which have been removed after

several years' service, it would be worth while to consider removing joints at some period
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to be established, perhaps four to six years, lubricating the fishing surfaces, inspecting

the bolts to see if the threads are battered, and replacing those with battered threads,

with new bolts. It is our feeling that this will afford economy and longer Ufe of rail and

joint bars, which will well justify this added maintenance expense. We would like to

recommend that you experiment with this plan and see whether you find that the results

will justify this procedure.

That concludes the report, which is presented as information.

President Clarke: This is another valuable test which our committee is making.

Necessarily, progress is slow but advancement is being made. I think you will find the

suggestions or, if they might be called, tentative conclusions, which the committee has

so far reached, of interest. The report will be received as information.

Chairman Am: Assignment 9 is—Report on. special assignment-testing. A number

of tests are under way, but they are all under other assignments, so there is no report

on Assignment 9.

Assignment 10—Recommendations on number and placing of anti-creepers for

various conditions. This report will be submitted by Mr. E. E. Martin, chairman of the

subcommittee.

E. E. Martin (Pennsylvania) : The report is presented only as information and

will not be read in its entirety. On page 373 it will be observed that a questionnaire

was forwarded to 33 of the larger railroads of the country, from which 28 replies were

received, giving information as to the general practices in rail anchoring followed by

each road, and including any experimental work that is being carried out on those roads.

The information from each reporting railroad is shown in the tabulation following

page 3 74, and a brief analysis of the information is shown on page 373 under paragraphs

(a), (b) and (c).

Ten of the reporting railroads include experimental work being carried out with

anti-creepers, and the methods of experimental anchoring are illustrated in Figs. 1 and 2

on pages 374 and 375.

From these experimental records of anchoring, the committee selected eight methods

of anti-creeper groupings, which are shown in Fig. 3 on page 375.

Through the courtesy and cooperation extended by the Milwaukee, the Illinois

Central and the Pennsylvania, the eight methods of experimental anchoring are now in

service at selected locations on these railroads, under various conditions of roadbed and

track, and their service performance is being observed and measured by the AAR En-

gineering Division research staff.

This report is presented as information.

President Clarke: You all understand, I am sure, this is no test to determine the

relative merits of any individual anchors. It is assumed that all the anchors that are

being used are satisfactory. You are all familiar with the difficulties that have been

encountered in what we call the standard method of anchoring. These tests are for the

purpose of developing a method of anchoring which might be more effective. Are there

any questions or comments? If not, the report will be received as information.

Chairman Am: Assignment 10—Investigate reactance value of spring washers. This

subject is very closely connected with Assignment 8, and in addition to the information

given by Mr. Magee, reporting for Mr. Breed, in his absence, there is no report to be

submitted.

Assignment 12—Study of stresses in tie plates. In the absence of Mr. Perlman,

chairman of this subcommittee, Mr. Magee will submit a brief report.

Mr. Magee: The report on this subject offered this year represents the first to be

made on this particular assignment. Last year, to get a little background of information
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and know just what we wanted to do, we made some tests in the Aurora laboratory of

the Chicago, Burlington & Quincy Railroad. Through the kindness of the management,

we were permitted the use of the facilities, received valuable help, and also were provided

with material and certain machine work in the shops.

These tests were made on two sizes of 112-lb. plates. I am not going too much into

detail about the results, but I wouUd like to say to those of you who are interested in

tie-plate design, I believe you will find some very interesting information in the report.

I do want to point out one or two things which were of particular interest to me and

I believe they will be to you.

Page 382 gives the results of measurements on our present 112 RE standard 11-in.

plate on a new hardwood tie. In making these tests, the base of the rail and the tie

plate rail seat were planed to a very close fit, and the bottom of the tie plate was

closely fitted on its bearing surface on the tie. I would like particularly to call your

attention to the stress diagram which is in the center of the three diagrams shown on

that page. You will notice the stress comes down in peaks, at each edge of the rail base.

This definitely shows that, irrespective of the fact uniform bearing was given originally,

under load, due to the deflection of the plate and the rail base, the reaction from the

rail is applied to the plate along the two edges of the base of rail. This is very important

because the effect of the tie plate on the rail stresses should not be overlooked when we
are considering what we may want to do in the design of the plate. It is quite obvious

that the application of the reactions from the tie plate to the rail base at its edges is

going to have an important effect on the distribution of stress in the rail base.

You may be interested in the measurements that were made on the 13-in. plate,

which are shown on page 386. In addition to being longer, this plate was also thicker

than the 11-in. plate. Perhaps of most significance in the stress diagram at the center of

the page is the fact that we do not have the sharp peak distribution of stress to the

same extent that we did have with the thinner, 11-in. plate. That certainly is of value,

although it may be difficult to evaluate it exactly in terms of dollars and cents with

respect to the added cost of the larger plate.

Another interesting finding which I would like to point out is shown in the diagrams

on page 391. By measuring the stresses along the bottom of the plate, it was possible,

indirectly, to arrive at the bearing pressure between the plate and the tie. That is, by a

process of cut and try, a bearing pressure distribution would be assumed and the stress

distribution calculated therefor until one was found which agreed with the measured

stress distribution. On the bottom diagram, showing the bearing pressure along the

length of the plate, and on the right-hand side which is the bearing pressure distribution

under the 13-in. plate, you will note that the pressure is considerably greater under the

center of the plate than it is at the ends. On the left-hand side of the same page is

given the calculated bearing pressure for the worn plate on the worn tie. It is rather

significant to note that the bearing pressure is just reversed and is greater under the

edges of the plate than it is under the center.

If that is a condition which we would find to be generally true in track, it would

indicate that, when the plate is first laid, the bearing pressure is initially higher under

the center; then, due to deterioration and wear, this surface either becomes softer or

worn away, so that eventually the unit bearing pressure becomes reasonably uniform

over the length of plate.

I think we would be hasty in drawing a definite conclusion on this, based on only

this one test, but it does seem quite likely we may find this to be a general condition

when further measurements are made in track.

That concludes the report which is presented as information.
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President Clarke: This subcommittee has presented a report which merits careful

study. I think the information which it has so far developed has been somewhat sur-

prising, even to the committee. Mr. Magee has touched on the high spots and emphasized

those. Are there any questions? If not, the report will be received as information.

Chairman Arn: Assignment 13 is—Continue the study of means for conserving

labor and materials. This is being done, and no report is submitted at this time.

Mr. Chairman, that concludes the report of Committee 5.

President Clarke: Once again the Track committee has presented a splendid report,

and it has given it to us in a most interesting way. Are there any questions or is there

any discussion on the entire report? If not, it will be accepted as information, and the

committee is excused with the thanks of the Association. (Applause)

Discussion on Clearances

(For Report, see pp. 185-186.)

(Vice-President Miller presiding.)

Chairman A. R. Wilson (Pennsylvania) : We are only reporting on one assignment,

namely, the revision of the Manual. As explained in the note at the bottom of page 185,

this report corrects an inconsistency now appearing in the Manual. Last year on the

recommendation of Committee IS you approved specifications for turntables which

include a diagram for turntable clearances, which is not in agreement with the existing

clearance diagram in Chapter 28 (Clearances) of the Manual. So a footnote was added to

the diagram for turntables in the Clearance chapter directing the use of the diagram

appearing in the turntable specifications in Chapter IS.

This committee's report, then, offers for adoption the diagram which appears on

page 186, which is in agreement with the diagram approved last year by the Association.

I therefore move that the diagram appearing on page 186 be substituted for the dia-

gram now appearing in the Manual of this committee on page 28-3.

(The motion was seconded, put to a vote and carried.)

Chairman Wilson: That concludes our report, Mr. Chairman.

Vice-President Miller: Thank you, Mr. Wilson, for the report of your committee.

The committee is now excused with the thanks of the Association. (Applause)

Discussion of Wood Preservation

(For Report, see pp. 273-294.)

(President Clarke presiding.)

Chairman H. R. Duncan (Chicago, Burlington & Quincy) : Ten subjects were

assigned to Committee 17, and we are reporting on four of them.

Subcommittees assigned the subjects on which no reports are being presented have

made progress in the study of their assignments but, largely due to the unsettled con-

ditions caused by the war, it was felt that this is not the opportune time to draw

conclusions and to present reports on their particular subjects.

Subject 2—Service test records of treated wood—will be presented by Mr. A. J.

Loom, superintendent timber preservation, Northern Pacific Railway, and chairman of

this subcommittee.

A. J. Loom (Northern Pacific): Service test records of treated wcod are limited

this year for reasons with which you are all familiar. The boys probably did not have

time to submit service records as usual. The work is going on, and we hope to present

a longer report next year.
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President Clarke: This report will be received as information.

Chairman Duncan: Subject 3—Destruction by marine organisms and possible ways
of prevention—was assigned to a subcommittee headed by Dr. Clapp of the W. F.

Clapp Laboratories. As it was impossible for him to be with us today, I will ask Dr.

von Schrenk to make this report.

Hermann von Schrenk (St. Louis, Mo.) : This report is presented by the sub-

committee as a matter of information. The report is in line with previous reports which

have been prepared by this subcommittee from year to year and consists of detailed

inspection reports made by the various men in charge of these teredo installations.

As usual, Dr. Zetek of the Biological Station at Panama, has prepared a very

inclusive report which is of particular interest to us because it not only includes some

of our American species of wood but a considerable number of tropical species. The
same comment applies to the inspection which was made by Mr. Kirkbride of the

Southern Pacific in California, and to the Chemical Warfare Service installations which

were made on the West Coast during the last year.

There are also included data from two testing stations which are reported on pages

290 and 291. It is a very curious thing, which biologists have been unable to understand,

that there have been very few changes, apparently, in the severity of attack at the

various points, but it is only by continued test reports of this character that they ever

hope to get some understanding as to why, in certain harbors, we have larger quantities

of material destroyed than in others.

As I said, this report is presented as information.

President Clarke: If anyone has any questions to ask, I am sure Dr. von Schrenk

will be happy to answer them. If not, the report is accepted as information.

Chairman Duncan: Subject 4—Specifications for creosote-petroleum mixtures—will

be presented by R. S. Belcher, manager treating plants of the Santa Fe, and chairman

of this subcommittee.

R. S. Belcher (Atchison,. Topeka & Santa Fe) : This report is presented as informa-

tion, except that specifications for petroleum for blending with creosote are submitted

for adoption.

Our assignment has been divided into seven phases, which are listed on page 291.

The first three of these phases were covered by the report of this committee last year.

The fourth—Specifications for petroleum for blending with creosote—is given as Appendix

A on page 292. Your committee presents for adoption and inclusion in the Manual,

these specifications which describe petroleum suitable for blending with creosote. The
specifications are identical with those of the American Wood-Preservers' Association

(Standard 49 c). We believe this uniformity of specifications to be very desirable.

I move the adoption of the Specifications for Petroleum for Blending with Creosote

as given in Appendix A, page 292.

President Clarke: I think, since this is being presented for adoption and inclusion in

the Manual, it would be well if you would read the specification.

(Mr. Belcher read Appendix A on page 292.)

(The motion was seconded.)

W. J. Burton (Missouri Pacific) : As a matter of information, I would like to ask if

the committee considers this specification necessary to secure a suitable petroleum for

admixture with creosote. In other words, if this specification is followed is there

assurance that the creosote and petroleum will properly mix and not form sludge that

will be hard to handle?

Mr. Belcher: I don't think that we could give assurance in all cases that there

would be no sludging of oil purchased under this specification. I believe, however, that
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the oil purchased under this specification will have less tendency to sludge under certain

conditions, than many oils that will not meet this specification and those conditions can

be pretty well controlled by the method of handling at the treatment plant. For instance,

the heating of the oil, after unloading and prior to mixing with the creosote, also, the

heating of the cresote before mixing, are very good preventives in cases that have come

within my own experience.

F. H. Rothe (Pennsylvania) : I would like to know if there is any way of handling

creosote in barrels, for use when you are laying rail, to prevent sludge.

Mr. Belcher: We have never had any experience in handling it in barrels, but, so

far as actual sludging is concerned, if the creosote and petroleum are handled in accord-

ance with the suggestion just made, it wouldn't make any difference whether they were

in small or large quantities.

Mr. Rothe: As a matter of information, I would like to say that we use large

quantities of creosote oil for slushing ties, when we are laying rail, and we have a great

deal of difficulty with sludging, and I believe it is due to keeping the creosote in

storage for a considerable time. We buy it in large quantities, thousands of barrels,

keep it in storage, and then use it.

I was wondering if we could get any suggestions on how to prevent that trouble.

Mr. Belcher: Is that the straight creosote you are speaking of, without mixing

with petroleum?

Mr. Rothe: It is mixed, ready for application to the cut surface of the ties, when

we get it.

Mr. Belcher: Our experience with the creosote-petroleum mixture in barrels has

been that it is far less likely to become solid than creosote straight. The creosote of

itself, on cooling, will, in many cases, congeal, possibly 25 to SO percent of it becoming

solid. The only way to get that back in solution is by heat.

Mr. Rothe: Would it be a reasonable assumption that our supplier is not mixing

his creosote solution properly before putting it in barrels?

Mr. Belcher: That may be possible.

(Mr. Belcher's motion was then put to a vote and carried.)

Mr. Belcher: Under phase S—Specifications for creosote for blending with petroleum

—the committee is of the opinion that the present is not an opportune time to recom-

mend a change in the creosote specifications now in the Manual, or an additional

specification covering creosote, solely for use with petroleum. Therefore, it is recom-

mended that, for the duration at least, creosote meeting the specifications of the Asso-

ciation (page 17-11 of the Manual) be considered as satisfactory for blending with

petroleum.

Under phase 6—Specifications for various creosote-petroleum solutions that may be

used for preservative treatment—this phase refers more to the proportions of creosote

and of petroleum in the solution, also the quantity required of a solution of given

proportions.

During the past two years, some roads have found it necessary to change these

proportions and use a smaller percentage of creosote than was former practice; others

have not found a change of this kind necessary. Your committee, therefore, does not at

this time recommend any limitations as to proportions, recommending only that creosote

meeting the specifications of this Association, and petroleum meeting the specifications

given in Appendix A be used for making creosote-petroleum solutions.

Under phase 7—Methods of analysis of creosote-petroleum solutions that may be

used for preservative treatment—this is one of the most difficult phases of the subject.

For some years past, Committee 4, Preservatives, of the American Wood-Preservers'
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Association, and individual members of Committee 17 have been working on methods

of analysis, but this work is not yet comf)lete.

It is recommended that this committee collaborate with the American Wood-

Preservers' Association, to the end that satisfactory and uniform methods of analysis

be developed.

That concludes the report.

Chairman Duncan: Subject 5—Destruction by termites and possible ways of pre-

vention—will be presented by Dr. von Schrenk, consulting timber engineer, and chairman

of this subcommittee.

Dr. von Schrenk: As indicated in the progress report which we present here, we

have simply been following all the information which has been sent to the committee

on unusual appearance or unusual attacks by termites in railway structures. These have

not, by any means, diminished. In other words, the termites seem to be just as active

as ever and possibly in certain localities a little bit more so. During this last year, the last

state in the Union, North Dakota, reported the appearance of termite activity, so they

are practically distributed all over the United States at the present time.

We have one very interesting experiment which has been going on now for a num-

ber of years it Florissant, Mo., where we exposed a great number of posts to every

possible chemical advocated as repellant or poison. As indicated, due to the extraordinary

weather conditions which prevailed in Missouri during the last year, we did not think

it advisable to dig up the posts, because once we have dug them up they are of no

further use, because the mere disturbance of the posts in the ground will probably drive

away the termites, as we found in a previous experiment. However, we expect to take up

all of these posts the end of this coming summer, so that by next year we will have

some very much more definite recommendations to make as to the effectiveness of some

of these compounds.

The committee wants to call particular attention to various publications which have

appeared during the past year.

At the bottom of page 293, attention is called to a very interesting report by Dr.

Snyder, termite specialist of the government, which can be obtained for ten cents, as

the report indicates (stamps not accepted), from the superintendent of documents. Gov-

ernment Printing Office, Washington, D. C. That is well worth having on your shelves,

because it brings up a number of points which the government has been at work on

during the past year and is worthy of having everybody read it.

The second report which came to the hands of the committee this year was one

that came from a man living in the southern part of Australia, who has spent much of

his life studying the activity of termites, both from the standpoint of different kinds as

well as the type of work which they do. The committee thought it worth while to present

two photographs in this report which Mr. Hill kindly allowed us to do, to give you an

idea of the tremendous engineering activities which these minute insects arc capable of

carrying out. The one on page 293, with a man next to it, is really an astonishing struc-

ture, and when you think of the fact that the walls of this building are so hard, there

is only one animal we have been able to find that is able to attack them and that is the

anteater who drills a hole into them and sucks out the termites, or gets them on his

sticky tongue, a human has hard work doing anything, even with a sharp ax, the

material is so hard.

When you reflect that a nest of this particular colony may be four or five times

or more as large underground as it is above ground, you can get an idea of the millions

of these insects which are busily at work.
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The illustration on page 294 shows an entire village, one might call it, in one of

the fields in Southern Australia. These arc particularly interesting because they occur in

a country which is very arid, and the activities which these insects are capable of carry-

ing on, with the organic material available in these arid countries, is truly astonishing.

We hope, as I say, next year to bring about a much more comprehensive statement

as to the tests which were in service some three or four years ago.

This is presented as information.

President Clarke: The published report of this subcommittee is very brief. The

remarks which Dr. von Schrenk just made have elaborated on it, to some extent. It is

one of the important assignments which our committees have.

Until recently, we thought of the termites as more or less of a tropical pest. We are

now beginning to know that the temperate zone is also infested. I suspect the work

which this committee is doing will greatly increase in importance.

The report is accepted as information.

Chairman Duncan: In addition to the subjects that we were originally assigned,

our committee was also given the job of cooperating with Committee 6—Buildings—on

the fire resistance of wood for railway buildings. We assigned a subcommittee con-

sisting of Messrs. Arnold, Belcher, Fulweiler Patterson, Dr. Schmitz, headed by Dr. von

Schrenk, and you heard the report of that committee yesterday.

This completes the report of our committee.

President Clarke: If there are no questions and no discussion, the committee is

excused with the thanks of the Association. (Applause)

Discussion on Buildings

(For Report, see pp. 141-177.)

(President Clarke presiding.)

Chairman A. B. Stone (Norfolk & Western) : Last year the committee was given

eight assignments. We have reports to submit on six of these subjects.

The first report—Revision of Manual—is a progress report, including recommended

revisions in the Manual. Mr. Dorrance, in the absence of Mr. Belden, the chairman of

that subcommittee, will present the report.

W. T. Dorrance (New York, New Haven & Hartford) ; Your subcommittee on

Revision of Manual recommends two changes in the Manual. These are in the Specifica-

tions for Railway Buildings.

II

EXCAVATION, FILLING AND BACKFILLING

Page 6-6, paragraph 214, Pile Foundations.

Delete the first two sentences of the second paragraph under 214, which now read:

Timber piles shall be furnished in accordance with the American Railway Engineer-

ing Association specifications covering piles for trestles, except that where piles are to

be untreated they shall not be peeled. Piles that will cut off blow permanent moisture

will not be treated.

We recommend the substitution of the following:

Timber piles shall be of the species designated by the Engineer or shown on the

drawings, and shall conform with AREA Specification for Wood Piles. Piles that are

to be cut off below permanent moisture, shall be second-class piles and need not be

peeled. Piles that will extend above the fine of permanent moisture, shall be first-class
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piles, and shall be peeled and treated with No. 1 creosote oil, full cell process, in

accordance with AREA Specifications for the Preservative Treatment of Wood.

This makes the specification agree with the Specification for Wood Bridges and

Trestles, Committee 7.

The second revision we propose is:

XXVI

ASPHALT MACADAM PAVEMENTS

Page 6-151, paragraph 6, Asphalt Cement Binder. It now reads:

The asphaltic cement shall meet the current requirements of the ASTM for asphalt

cement, Specification D103.

We propose that this be replaced with the following:

The asphaltic cement shall be of the grade and quality designated by the Engineer

in the Special Provisions of the contract.

This is because ASTM Specification D 103 has been discontinued.

I move the adoption of these revisions.

(The motion was seconded, put to a vote and carried.)

(Vice-President Layng takes the chair.)

Chairman Stone: Our second assignment—Preparation of specifications for railway

buildings. This is a progress report including a recommendation for adoption and pub-

lication in the Manual of Specifications for Welded Structural Steel and lion. Mr. Frank

Judd, formerly engineer of buildings of the Illinois Central, was chairman of the sub-

committee but last year, due to ill health, he retired from active service and it was

necessary for him to relinquish active .service with this committee,' and we have suffered

a severe loss by his being unable to attend the committee meetings. Mr. Judd was an

energetic worker for this committee and the Association and gave freely of his time,

experience and advice to the end that the affairs of this Association would be conducted

on the highest plane. We sincerely trust that Mr. Judd may enjoy better health in his

retirement.*

Mr. O. G. Wilbur has been appointed chairman of this subcommittee, and he will

now submit this report.

O. G. Wilbur (Baltimore & Ohio): I would like to read the first two paragraphs of

the report. They were inserted because we were unaware we would have an opportunity

to present the report before a convention.

(Mr. Wilbur read the first two paragraphs of the report on Assignment 2.)

Mr. Wilbur: The committee recommends the specifications as presented in revised

form be substituted for publication in the Manual, for the specifications adopted last year.

Vice-President Layng: You used the word "substituted."

Mr. Wilbur: They were adopted last year but subsequently withheld from publica-

tion at the request of the committee, and this revision takes care of the criticisms received

through correspondence. So, it is a substitution rather than adoption.

There are one or two typographical errors we would like to correct. On page 145,

just below the middle of the page, the line reading: Webs of rolled sections at toe of

fillet (Crippling, See Article 21 (j)—we would Hke to change the 21 (j) to 22 (n).

On page 146, the middle of the page, second line under paragraph 14, where refer-

ence is made to Section 4, this should read Section D.

* Mr. Judd died on March 19, 1944.
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On page 153, there was omitted a reference to Appendix C, and we would like to

add Appendix C in the same form in which Appendix B appears, with the following

line below it:

See Section XII-1201, Structural Steel & Iron, Appendix C.

Appendix C is the diagram of the column formula.

Mr. Chairman, I move the adoption and substitution of the specifications as they

appear beginning on page 142 and continuing on through to and including page 153 to

replace the specifications adopted last year.

(The motion was seconded, put to a vote and carried.)

Chairman Stone: The next report is—Design of facilities and equipment for spray

painting of rolling stock. This is a final report and is presented as information.

In the absence of Mr. Copland, chairman of this subcommittee, Mr. Howard will

present the report.

N. D. Howard (Railway Age) : This report is timely, first, because of the man-hour

savings possible in spray painting over hand painting, and second, because of the ever-

present importance of safety in carrying out this class of work.

It is far-sighted, too, in that it is certain that the post-war period will witness a

large amount of equipment painting, and the data furnished in the report will be helpful

to those who must furnish adequate and safe facihties to carry out this work.

Practically the entire report is based on the recognized premise that the coatings

employed in equipment painting, including paint, er.amels, lacquers, stains and similar

materials are of a flammable nature and, when discharged from spray painting machines

in a finely atomized form, may create a fire hazard. This, is true particularly in the

case where pyroxylin, a mixture of cellulose nitrates, soluble in a mixture of ether and

alcohol, is used in the lacquers being applied.

Following a brief description of the advantages of the spray method of applying

coatings, the report deals at some length with the fire hazards involved when this method

of application is used.

It points out that, because of these hazards, the various national authorities have

developed and adopted regulations and safeguards for minimizing them, and that it is

of the utmost importance, and recognized by fire protection authorities, that specially

designed facilities and equipment be provided to minimize the accumulation of vapors

and residues where paint is being applied by spray machines within enclosures.

Continuing, the report discusses the need for proper ventilation in connection with

interior spray painting, the precautions to be observed in the construction of spray

painting buildings and in the handling and storage of painting materials, and the

primary equipment required for this type of work. Special consideration is given to the

factor of ventilation of spray booths and interiors of buildings where passenger equip-

ment is to be spray-painted.

The committee is pleased with the comments that have already been received fol-

lowing the publication of the report in the bulletin, and is agreeable to two minor

revisions which have been suggested.

One of these, which was received from J. M. Trissal, electrical engineer of the

Illinois Central, deals with one of the sentences in the third paragraph on page 155 under

the subhead: Fire Protection—reading as follows: No motor or lights should be placed

in spray booths. Feeling that this statement is too restricting and goes beyond the

purpose and intent of the National Electrical Code, the committee is agreeable to a

revision of this .sentence as follows:

"Motors or lights should not be placed where there is a possibility of spray lodging

upon them, and they should meet the requirements of the National Electrical Code for

Class I hazardous locations."
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The committee also accepts the suggestion offered by W. A. Radspinner, super-

intendent fire prevention of the Chesapeake & Ohio, in regard to the use of fire ex-

tinguishers. The seventh paragraph under the head—Fire Protection—on page 155 will

be removed and will be replaced with the following sentence:

"Fire extinguishers of the carbon dioxide type and of the foam type are effective

in the case of fires in pyroxylin finishes and other lacquers and, therefore, should be made
available in each mixing room and spray booth."

The committee respectfully submits this report as information.

Vice-President Layng: Is there any discussion on this report? If not, it will be

received as information.

Chairman Stone: Subject 5—Direct locomotive coaling devices. This is a final report,

submitted as information. Mr. Lorenz, chairman of the subcommittee, will submit

this report.

H. C. Lorenz (Cleveland, Cincinnati, Chicago & St. Louis) : This report describes

the most generally used types of direct coaling devices available, giving typical informa-

tion regarding the capacity, size of motors, track centers, depths of pits, foundation

pits, that is, the concrete work, and equipment, and shows several diagrams with typical

arrangements of cars.

The committee respectfully submits this report as information.

Vice-President Layng: You have heard this report. Is there any discussion? If not,

it will be received as information.

Chairman Stone: Subject 6—Sanding facilities for Diesel locomotives—Mr. Wilbur,

chairman of the subcommittee, will submit this report.

Mr. Wilbur: The report on Assignment 6—Sanding facilities for Diesel locomotives

—develops the fact that sand facilities required for servicing Diesel locomotives are

essentially the same as those employed in sanding steam locomotives, except that loading

by compressed air should not be used, and two servicing spouts are recommended to

permit the loading of tanks on each side of the Diesel simultaneously.

The report briefly describes the size and location of sand tanks on the locomotive.

It recommends the location of the valve in the sand supply line, the size and arrange-

ment of the delivery pipe, the operation of sand valves and the type of valves.

It further recommends the installation of a permanent ladder to reach the elevated

dry sand storage tank, and the installation of a permanent, small platform beside the

track to provide safe access to the sand tank opening on the locomotive. It refers to hand

loading with pails, to spotting of locomotives for hose servicing, and points out that

loading equipment to meet the needs of Diesel locomotives is designed and sold by

contractors who build coal and cinder plants.

The report is presented as information, with the recommendation that the subject

be discontinued.

Vice-President Layng: Is there any discussion on this part of the report? If not,

it will be received as information.

Chairman Stone: Our final report is 7—Fire-resistant wood for railway buildings,

collaborating with Committees 13—Water Service, Fire Protection and Sanitation, and

17—Wood Preservation. This is a progress report presented as information. Mr. H. M.
Church, chairman of this subcommittee, will present that part of the report dealing with

the use of fire-resistant wood in railway buildings, after which Dr. von Schrenk will

submit that part of the report dealing with Specifications for fire-resistive treatment of

timbers and lumber.

H. M. Church (Chesapeake & Ohio): The consideration of this subject antedates

the time when lumber became a critical material, but the treatment of wood to resist
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fire is still a matter of vital interest. War activities have stimulated the wood preservation

industry and have resulted in a paralleling of the advances made in the fabrication of

steel by the application of the same engineering principles to practice in the building of

timber structures and other utilization of wood. Governmental agencies have been

especially active in this development.

The wide diversity of uses for fire-retardant wood is demonstrated by its use in the

construction of aircraft hangars, ordnance plants, supply depots, oil refineries, synthetic

rubber plants, bridges, railroad engine houses, textile and paper mills, marine structures

and warehouses, including also its general use for decking, scaffolding, and all kinds of

structural material, sheathing, sub-fiooring and finished flooring, plywoods for sheathing,

deck work, trim, sash and doors.

Impregnation of wood with chemicals to make it fire-retardant results in a reduction

in the fuel which the wood contributes to the fire and the control of flame spread and

flame penetration.

We have been ably assisted in the preparation of this report by a collaborating

committee wTiich, as our chairman stated, was headed by Dr. Hermann von Schrenk,

the other members of this collaborating committee being Messrs. Arnold, Belcher, Ful-

weiler, Patterson and Schmitz, all of whom represented the Committee on Wood
Preservation. In addition we were assisted by Mr. W. A. Radspinner, who represented

the Committee on Water Service, Fire Protection and Sanitation. The members whose

names I have just mentioned as identified with wood preservation are also active mem-
bers of ASTM and the American Wood-Preservers' Association, and are therefore

especially qualified to assist in the work of this committee.

The report as you will note on page 166 deals with the general situation, the fire

hazard of building materials, and performance tests. Special attention is also directed to

the various specifications and classifications that have been promulgated in recent years,

and on page 168, item 10, where we call attention to the federal specifications, I would

like to insert the date that this specification became effective, as August 26, 1942. Turn-

ing to page 170, I direct attention to the recommendations which were prepared with the

advice and assistance of the collaborating group representing the Committee on Wood
Preservation.

As I previously stated, one of the most important phases of this subject is the prob-

lem of specifications, to which Dr. von Schrenk has given a great deal of time. For this

reason it is especially appropriate that he should make the presentation of the balance

of the report.

Hermann von Schrenk (St. Louis, Mo.) : As indicated by the chairman of the

Buildings committee and by Mr. Church, specifically, Committee 17—Wood Preservation

—was requested rather late this last summer to cooperate in developing a possible

specification for producing fire resistance of lumber. We wish, to express,, on behalf of

Committee 17, to Chairman Stone and to the gentlemen of his committee, our apprecia-

tion for their very sympathetic understanding of the problems which the Committee on

Wood Preservation endeavored to cover in the preparation of this specification.

In presenting the suggested specification as an informational specification alone—and

I would like to stress that word "informational"—which you will find on pages 172 to

177, inclusive, of the report of the Committee on Buildings, I would like to take just

a few minutes in pointing out some of the important factors connected with this

specification.

First of all, permit me to call your attention to the fact that the subject of making

fire-resistant wood is not new. Processes have been used, apparatus has been developed

by Europeans in years gone by and, what is probably news to most of you, a very large
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amount of work has been done durinp; the last .SO or 40 years in this country by inter-

ested people who helped to lay the foundation for the work which we are now able to

present to you in this suggested specification.

Before coming to the specification, I would like to call your attention to the fact

that, owing to the speed which was necessary to develop this specification last fall,

ieveral errors have entered into this report, to which I would like to refer.

The first one of these occurs on the bottom of page 173. The last paragraph is to

be omitted, and in its place we have prepared a more detailed method for getting the

samples though the performance test. I won't take the time to read all of that material.

A copy of this has been furnished to the secretary, and he promises that a sheet will

be put in, when the Proceedings are finally printed, which will give these detailed

corrections. These changes had developed after we prepared the specifications. Because

of the renewed interest in the subject, it has been necessary to develop a new type of

specification, if I may be permitted to so call it.

The second is an error which we regret very much, which occurs on page 176, the

last sentence: We had been advised that recently the Navy waived the requirements

for flame and glow. That was the information given to us at a joint meeting of our two

committees in New York, through a misunderstanding, and it was put into the report

in the form in which it appears in the bulletin. But that entire paragraph should be

omitted, because we have since been advised that the Navy has not waived the require-

ments of flaming and glowing. We apologize to the Navy for this error, and it will be

omitted in the final report. That is the paragraph which begins at the bottom of page

176, beginning with the second line from the bottom: "We have been advised that

recently the Navy waived the requirements for flaming and glowing time and accepted

or rejected, and so forth, to the end of the first paragraph on page 177 terminating with

the words "and is not dependent upon the personal equation".

That should all be omitted.

There are only one or two comments to which I wish to call attention. In the first

place, a large amount of work has been done with all sorts of chemical compounds

injected into wood for the purpose of resisting fire.

Permit me to call your attention at the outset that it is practically impossible, or

has been found up to the present time, to take any organic material such as wood and

do anything with it, without changing its composition, which will make it absolutely

fireproof. In other words, you can retard glowing and flaming and burning, and so forth,

but you can never stop it entirely. Various compounds have been tested both abroad and

here, and various results have been obtained, as indicated by Mr. Church, by govern-

mental agencies and by railroads.

Your committee, after very serious consideration of the matter in the preparation

of this specification, calls particular attention to the fact that the basis of the whole

specification as presented to you now is one of performance. We call attention, in the

notes appended to the end of the specification, that we have not discussed chemical

compounds because we felt that in the present state of the art, it was far better and far

safer for our American railroads to specify to what extent the wood shall be fire-

resistant and prescribe means for determining its resistance to fire. Consequently, these

specifications are entirely on the basis of performance test.

We say, in effect, that we are not particularly interested in what compounds are

actually used by timber preserving companies, as long as the injection of the compounds

will give us the highest possible protection. That is the second point I wish to bring forth.

We have worked entirely on a basis that, if we are going to do anything with

railway structures, we want to make them just as fire-resistant as we can. Consequently,
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we prescribe the most severe test which has yet been developed (the one in this case

being developed by the ASTM) in order to give us the highest possible fire resistance.

That requires some explanation, and we have given that as well as other factors con-

nected with it, namely, the reasons for the specification, and then the specification itself.

Permit me, in closing, to say that we propose this next year possibly to change

many of the paragraphs and clauses and requirements in this specification, but, for

the present, this specification can be used by any of the engineers of the railways as the

basis for a requisition on the purchasing department, with a very high degree of assur-

ance that you are going to get a high fire-resistant material, if the specification is

followed. That was our aim.

There are so many confusing specifications now that don't seem to fit our railroad

conditions, we felt it desirable to write one which does, and which is before you today

as information.

Might I add we will be very glad if anybody in the Association has any comments

or suggestions to rriake for the future guidance of the committee in the preparation of

a revised specification for next year, we will be very glad to have them do so.

Chairman Stone: That completes this report.

Vice-President Layng: As I understand, this material is submitted as information

at this time.

Chairman Stone: Yes.

Vice-President Layng: Is there any discussion or any comment on this portion of

the report? If not, it will be received as information, and the committee is now excused

with our thanks for their very valuable work in carrying on for this Association.

(Applause)

Discussion on Roadway and Ballast

(For Report, see pp. 29S- 333.)

(Vice-President Layng presiding.)

Chairman F. W. Hillman (Chicago & North Western): First we wish to call atten-

tion to the memoir appearing on page 297, in which we record our deep regret in the

loss of two of our members by death, Edward Morris Smith and Harry Edward Tyrrell,

and our appreciation of their association with us and their earnest work for the

Association.

It is our intention not to make oral reports on matter that is presented simply as

information, excepting in one or two instances where the assignments will be closed

out with this report, or where some special attention is desired.

Subcommittee 1 has no report to make on its assigned subject. However, it has a

revision of Manual to suggest, and Mr. Frank Capp will present that.

(F. W. Capp, Portland Cement A.ssociation, read the report on Assignment I.)

Mr. Capp: The change in definition for "foundation pit" seems slight. It was for

the purpose of carrying out the distinction between the terms "foundation" and "footing"

as defined in the glossary of the Manual.

I move the adoption of this change in the Manual.

(The motion was seconded, put to a vote and carried.)

Chairman Hillman: The next subcommittee report is en—Natural waterways:

Prevention of erosion. As our chairman is not here, Mr. Patton will present the report.

M. C. Patton (Armco Drainage Products Association): Last year this committee

presented for adoption a report covering one particular method of prevention of erosion,

namely, reduction of gradient by use of check dams.
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Subsequent to the publication of the recommended report, some adverse comments

were received, and, for that reason, the special Board committee appointed by President

Clarke, withheld the report from the letter ballot, and referred it back to this committee

for further consideration.

This consideration has been given, and two changes in the report as originally

recommended, have been suggested and those changes are printed on page 298. With the

two changes as recommended, the committee now recommends that this report be

received for inclusion in the Manual.

Mr. Chairman, I move the acceptance of the report and the inclusion of it in

the Manual.

(The motion was seconded, put to a vote and carried.)

Chairman Hillman: The next subcommittee report is No. 3 on culverts and will be

presented by Mr. Swartout.

W. C. Swartout (Missouri Pacific) : Last year we presented for adoption and pub-

lication in the Manual Specifications for Structural Plate Pipe. Some criticisms were

received, and the Committee on Review referred the subject back to the committee for

further study and consideration. We gave this the consideration necessary during the

past year.

The Specifications for Structural Plate (trade names Multi-Plate and Sectional Plate)

Culverts and Arches were presented to the Association in 1943. I might add that these

specifications have been before the Association, for three years. We have gone over the

matter and I think we now have specifications that reflect the best practice in the art

at the present time.

These specifications you will find printed in full in the Proceedings, Vol. 44, pages

SOO to 506, inclusive.

(Mr. Swartout then read the modifications presented on page 299.)

Mr. Swartout: With these changes, I move the adoption of the specifications as

they appear in the Proceedings and for publication in the Manual.

(The motion was seconded, put to a vote and carried.)

Mr. Swartout: We will now consider Assignment 3(d). Last year we received dis-

cussion of the perforations, and here again, there was misunderstanding because we didn't

have a convention and we were unable to discuss the report so that everybody understood

exactly what was intended.

We recommend the following change in the Specifications for Corrugated Metal Pipe

for Subdrainage for adoption and publication in the Manual:

(Mr. Swartout read the report on Assignment 3(d), changing the word "mid-

diameter" in next to the last line to read "mid-horizontal diameter".)

Mr. Swartout: I move the adoption of this change in the specifications as they are

printed in the Manual.

(The motion was seconded, put to a vote and carried.)

Chairman Hillman: The next is Assignment 9—Signs: Specifications and plans for

telltales—overhead and side. Mr. Miller will present the report.

G. W. Miller (Canadian Pacific) : This report was presented last year and with

minor editing is presented to you for your approval as a specification for inclusion in

the Manual.

Your committee also presents three plans for inclusion in the Manual, covering a

one and two-track overhead warning; a three and four-track overhead warning, and

a side warning.

These plans appeared last year in Bulletin 437 on pages 521, 522 and 523, and could

have been reprinted in Bulletin 444. However, it was not considered necessary as the



Discussion 639

only revision consisted of altering the name of "Foundation" to read "Footing." This

conforms to the definitions in the glossary for these two terms, foundation and footing.

I now move that the specifications and plans as revised for one, two, three and four-

track overhead metal warning and metal side warning be adopted and published in the

Manual.

(The motion was seconded, put to a vote and carried.)

Chairman Hillman: The next report is No. 10, on specifications. It will be presented

by Mr. Stanton Walker.

Stanton Walker (National Sand & Gravel Association) : Subcommittee 10 has three

assignments on which it will report. The first assignment covers the preparation of a

consolidated specification for prepared stone, slag and gravel ballast. With two excep-

tions, this single specification merely combines in one document the basic requirements

which now appear in three separate specifications, which it is intended to replace.

These two exceptions are: First, the requirement for the absorption test of crushed

stone has been omitted, and, second, the Los Angeles abrasion test has been substituted

for the Deval abrasion test.

The proposed consolidated specifications were published last year as information, and

they are now recommended, with minor revisions which are outlined in this year's report,

for adoption and publication in the Manual.

I so move, Mr. Chairman.

(The motion was seconded, put to a vote and carried.)

Mr. Walker: The second assignment appears on page 316 and is reported as informa-

tion. It covers a review of specifications of leading railroads to determine conformity

with AREA recommendations. The subcommittee reviewed the ballast specifications of

46 railroads. The railroads represented in the replies embrace a total of 201,644 miles

of line, or about 74 percent of the total railroad line mileage in the United States and

Canada.

From a study of the returns, it is immediately apparent that most of the formal

specifications are consistent with the spirit of AREA recommendations, although rela-

tively few of the railroads have incorporated AREA recommendations bodily in their

requirements. Those railroads that have adopted AREA recommendations in the past,

or that have modeled their specifications closely after such recommendations generally have

not revised their specifications to bring them in line with the current recommendations.

It is believed that a substantial number of reporting railroads could purchase their

ballast by referring to AREA specifications with appropriate qualifications to meet local

conditions. It is suggested that, in the interest of standardization, railroads should be

urged to examine their specifications in the light of AREA recommendations and to

determine if some such procedure as that suggested would not be acceptable.

This is presented as information. I understand no action is required.

Vice-President Layng: I want to emphasize the importance of what this subcom-

mittee has brought out in its report, that is, the desirability of having specifications give

full credit to AREA, if at all possible. It would add greatly to the influence and prestige

of our Association, if that is done.

Mr. Walker: I find that I overlooked one duty in connection with the first assign-

ment. You will observe, from the report, that there accompanies the specification a test

method for determining soft particles. I have been asked to read into the record a com-

ment on that phase of the report, submitted by Mr. Hirschthal, in which he refers to

page 316, where that method of test is described. He suggests that the weights and

pressures should both be given in either the metric .system or the pound and foot system.
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In addition, he suggests that the method should indicate the unit upon which the pressure

is applied.

Yesterday, in the meeting of the committee, consideration was given to Mr. Hirsch-

thal's suggestion, as a result of which some minor editorial changes have been made to

clarify the intent of the test method, but no changes in substance.

Assignment 10(c) : This report is presented as information. It covers the assignment

to prepare a specification on the use of chats ballast. The subcommittee developed in-

formation on the use of chats for ballast, as a result of which it has reached the con-

clusion that it is not practicable to write generally acceptable specifications. The sizes

used depend almost altogether on the local source of supply, and vary so greatly that

it was felt by the committee it would be impracticable to develop specifications of

general application.

The committee recommends, therefore, that this subject be discontinued, for the

time being at least.

Vice-President Layng: Is there any discussion on this portion of the report? This

will be received as presented by the committee.

Chairman Hillman: The next report, while presented as information only, will be

on—Ballast test: Study the effects of tamping. Dr. Goldbeck will present the report.

A. T. Goldbeck (National Crushed Stone Association) : Subcommittee 12 is charged

with the duty of developing methods of tests for ballast, and the present brief report

indicates possible ways of undertaking this. work.

Appended to the report of Committee 1 for 1942, there was a description of a tamp-

ing test designed to simulate the action of tamping ballast in the track. We feel that

a test of this general nature, perhaps with suitable modifications, possesses possibilities

for studying some of the things we would like to know concerning ballast, in a relatively

short time—how it resists different kinds of tamping tools, what its physical properties

should be under different traffic conditions. If equipped with suitable repeated load at-

tachments, the effect of traffic, the stability of the ballast, the effect of depth, the influ-

ence of sub-ballast and sub-grade support—these and other matters, including mud
pumping, could be studied under controlled conditions.

Gentlemen, I would like to emphasize the word "controlled." When you are making

investigations, it is highly desirable that you make them under controlled conditions,

so that you can eliminate variables that you don't want to be there, and study only

those variables that you do want to be there. So, the question of controlling tests is

highly important.

The development of a really suitable testing device for speeding up the study of

ballast and allied problems would be no small undertaking and its use would require

much equipment, such as tamping tools, load applying and measuring devices and other

laboratory apparatus. Large samples, involving .several tons of various ballasts, would

have to be handled. Work such as this could be undertaken only by large organizations

having ample personnel and other means for carrying it to a successful conclusion.

We are bringing this idea before you at this time merely as something for you to

consider in a preliminary way. We have talked and corresponded with Mr. Magee, your

research engineer, concerning this project and we have received his cordial cooperation.

The whole matter is being given careful thought to make sure that it has sufficient

promise before proceeding. We shall welcome your criticisms and suggestions. It may
well be that actual ballast sections in test tracks will offer an even better approach to

the problem than any testing machine that can be devised.

We are working on another project. One of our research projects will be actively

started within a few weeks. As a matter of fact, the outline is already completed and
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certain laboratories are about to start work. It consists of a series of cooperative Los

Angeles abrasion tests to more defniitely adapt this machine to the testing of large

size ballast.

At the present time the Los Angeles abrasion test is set up primarily to apply to

relatively small size material. Of course, we have ballast sizes that do involve smaller

material but, also, we extend the size up to approximately 2J^ in. So, it becomes neces-

sary to adapt the Los Angeles abrasion machine to the testing of large size material.

We are attempting to so change the method of running the test that we will end up

with approximately the same percentage of loss in all cases, irrespective of the size of

the material. That has been accomplished in large part but not so far as it applies to

the large size material.

A research committee such as ours is continuously forced to wend its way along

unknown paths, and its footsteps are sometimes slow and faltering. We do wish you to

know, however, that we are endeavoring to look ahead and so plan our work that the

necessary and useful facts in our field may be secured as rapidly as possible.

This is merely a progress report and does not require any action.

Vice-President Layng: Is there any discussion of this progress report? If not, it will

be received as such.

Chairman Hillman: The next report is on Assignment 13—Special ballast. The chair-

man, Mr. Nicholson, has accepted appointment as transportation analyst with the

Foreign Economic Administration, for service in connection with the analysis of rail

studies in North Africa. He therefore tendered his resignation. That is a matter of interest.

I am going to ask Mr. Turley, who has done quite a bit of special work in this

ballast, to speak to us.

C. D. Turley (lUinois Central) : It has been the experience of trackmen that certain

sections of track require much more maintenance than adjacent sections under identical

traffic and operating conditions. Many things are involved.

These tests, involving the use of asphalt, have been set up with the intention of

finding out if uniform conditions can be brought about that will reduce the maintenance

on the track. In the first section set up at Bryan, Ohio, the asphalt was mixed with the

ballast extending below the ties adjacent to a passenger platform where drainage condi-

tions were difficult. The results so far have been encouraging. The other test that was

set up was with an asphalt covering over the ballast, with the idea that the ballast would

be kept clean, that the drainage would be improved, and that the ballast could be held

in place by covering over the top. The test, of course, is not old enough to warrant any

conclusions, but so far it looks very encouraging. The extreme cold weather which we

have had seemed to have no particularly bad effect so far. We will follow this closely and

hope to give you something more interesting and more definite next year.

Vice-President Layng: Have you any discussion of this part of the report? This

will be received as information.

Chairman Hillman: There was one assignment to that subcommittee on the use

of grout in ballast, which was reported on last year. The committee would like to have

any help in the way of notes on experience that you may have with grout in ballast.

I am going to ask Mr. Payne if he will read his report on—Stabilization of road-

bed, which brings out a use of grouting, which is becoming quite interesting.

(G. W. Payne, Missouri Pacific, read the report on Assignment 6(a).)

Vice-President Layng: Is there any discussion on this part of the report? This is

offered as information and will be so received.
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Chairman Hillman: That completes the report of this committee. The committee

wishes to express its appreciation for the constructive criticisms which it has received

from members of the Association not connected with our committee, and we earnestly

invite more of them.

Vice-President Layng: This committee is one of our important ones, doing a fine

piece of work. It is now dismissed with the thanks of the Association. (Applause)

Discussion on Masonry

(For Report, see pp. 225-252.)

(President Clarke presiding.)

Chairman A. N. Laird (Grand Trunk Western) : Assignment 1—Revision of Manual

—will be reported as a part of the report on Assignment 8, since it involves a major

revision of Manual material on specifications.

The committee makes no report on Assignment 2—Specifications for and principles

of design of plain and reinforced concrete for use in railway bridges.

While the committee is making no published report on Assignment 3—Progress in

the science and art of concrete manufacture—I feel that I should pause a moment to

outline briefly what this subcommittee is working on. The subject deals with field control

of concrete, the proportioning of the mix in a manner which can be readily controlled

and which will give the desired results. The subcommittee has accumulated a good deal

of information and has given a lot of consideration to this subject. While no report is

being made at this time, the subject is well on the road so that another year will see

a report forthcoming.

No report is likewise being made on Assignments 4—Specifications for foundations

and S—Methods and practices of lining and relining tunnels. Assignment 6—Bibliography

and review of current engineering literature pertaining to railroad masonry work—will

be presented by its chairman, Mr. Coburn.

Maurice Coburn (Pennsylvania) : In 1935 the American Society for Testing Mate-

rials published a pamphlet on "The Significance of Tests as Related to Concrete and

Cement." This was revised last year. It contains more than 20 articles by experts in the

different details of the subject. Professor Talbot wrote the introduction to the first

edition and also several of the papers, and was getting ready to write the introduction

to the second edition at the time of his death. The articles cover a somewhat wider field

than the title would indicate, and the committee considers it a valuable publication as a

matter of reference.

Chairman Laird: There is no report this year on Assignment 7, dealing with

pressure grouting.

Under Assignment 8—Specifications for concrete and reinforced concrete railroad

bridges and other structures—the committee makes a report involving a major revision

of the Manual subject matter, and this report will be presented by the subcommittee

chairman, Mr. Splitstone.

(C. H. Splitstone, Erie, read the first three paragraphs of the report on Assign-

ment 8.)

Mr. Splitstone: The matter which is presented consists of specifications for concrete,

25 pages in length. The reading of these specifications no doubt will be tedious and,

perhaps, involve an unnecessary expenditure of time. If agreeable to you, Mr. Chairman,

I will read the section numbers and topical headings, pausing after each to give an

opportunity for discussion, and pass along in that way.
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President Clarke: I am sure that the members have carefully read this report, and

the procedure which you suggest will be satisfactory.

(Mr. Splitstone read the section numbers and headings under Specifications for

Concrete and Reinforced Concrete Railroad Bridges and Other Structures.)

President Clarke: You understand this is a complete revision of this section of the

Manual. If there are any questions or discussion, please feel free to speak.

Mr. Splitstone: I move that these specifications be adopted for publication in the

Manual.

(The motion was seconded, put to a vote and carried.)

Chairman Laird: The report on Assignment 9—Means for conserving labor and

materials, including the adaptation of substitute non-critical materials—dealt with the

conditions under which we find ourselves and the necessity for making use of available

materials during the war period. This was an assignment which touched on the work'

of several subcommittees. For that reason, it was progressed under the administration

of four co-chairmen, Messrs. Dayett, Marsh, Ray and SpHtstone. Committee 8 served as

a whole on this assignment and devoted a very considerable amount of time to it.

The report is for information only and, since it is brief, I will read it.

(Chairman Laird read the report on Assignment 9.)

Chairman Laird: Mr. Chairman, that concludes the report of the Masonry committee.

Secretary Lacher: Mr. Laird might have told you that these specifications, prepared

by the Specifications Branch of the War Production Board, were subsequently withdrawn.

President Clarke: The Committee on Masonry has our thanks for an excellent report,

and is now excused. (Applause)

Discussion on Waterproofing of Railway Structures

(For Report, see pp. 187-202.)

(President Clarke presiding.)

Chairman J. A. Lahmer (Missouri Pacific): Our report is largely confined to one

subject, and that is the comparative tests of waterproofing asphalts and coal tar pitches.

The report of the subcommittee will be presented by Mr. Robinson, chairman of the

subcommittee.

G. E. Robinson (New York Central) : We have here the final report on tests of

waterproofing asphalts and coal tar pitches, which were conducted under the sponsor-

ship of this committee. The report is much too long to be read in detail. I will read

the conclusions. What we expected to do in this report is~this: In future years, when

you get yourselves in trouble, remember there is such a thing, and we hope it will help

you out.

(Mr. Robinson read the conclusions on page 202.)

Mr. Robinson: I would like, also, to read the acknowledgment, because these are

the gentlemen who really put the effort into this report.

(Mr. Robinson read the acknowledgment on page 202.)

Mr. Robinson: Mr. Magee also had a fine hand in this report.

We are not attempting to tell you whether you should use asphalt or pitch, but we

have put a lot of pertinent facts in front of you, so that you may have some basis on

which you can base your judgment. In the course of those tests, we also introduced

tests which were new, in an effort to arrive at something approximating service condi-

tions. In our work as a committee we had continually run up against the fact that the

technicians who handle these bitumens would tell us, "Now, if you get certain charac-

teristics, then all these other things you want are bound to follow." That sounds good.
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and we hope it is true. We arc just trying to do a little testing of our own here to see

if those things do necessarily follow.

President Clarke: This report is submitted as information and will be so received.

Chairman Lahmer: I would like to read a communication we received from Mr.

Hirschthal who was for some years chairman of the Masonry committee.

Meyer Hirschthal (Delaware, Lackawanna & Western) (by letter): The writer was

greatly pleased to find that the committee had undertaken and completed independent

tests on the various waterproofing bitumens as a guide to the specification requirements

—the only impartial way of arriving at reliable results. The results have verified one

contention of the writer in the various discussions of the matter, viz., that ductility at

77 deg. F. is not necessarily an indication of the ductility at 40 deg. F. (or 41 dog. F.).

Why was 41 deg. used instead of 40 deg.? Originally, 40 deg. F. was used because our

laboratory at Scranton found itself unable to conduct the test at either 32 deg. F. (or

36 deg. F.) which would have been desirable temperature because of freezing.

However, conclusions drawn from present-day samples of waterproofing materials

may be modified by those produced after the war, as producers have conceded that

materials are at present inferior to those produced before the war and the depression

preceding it, and should revert to the better qualities after conditions return to normal,

so that waterproofing requirements could then be revised upwards, particularly ductility

at low temperatures.

Chairman Lahmer: The answer to Mr. Hirschthal's inquiry about the temperatures

is that that is merely a matter of laboratory convenience. They told us it was easier to

maintain a temperature of 41 deg. in water that has floating ice in it, than 40 deg. To
anyone who reads this report, it will be noticed that some places we referred to 40 deg.

and other places to 41. The 40 deg. is used in connection with the direct reference to

the specifications, because that is the temperature mentioned therein; the 41 deg. is in

connection with the direct reference to tests.

Mr. Hirschthal has always taken a lively interest in waterproofing and has been

a close student of our specifications, and others, and we appreciate his comments, and

we will be equally glad to have comments from anyone else.

President Clarke: I am sure we are very glad to have the comments Mr. Hirschthal

submitted. Is there any other discussion on this report?

This committee is conducting a very valuable piece of investigation for the Asso-

ciation and is now dismissed with our sincere thanks. (Applause)

Discussion on Impact

(For Report, see pp. 183 and 184.)

Vice-President Miller: The report which will be presented at this time is that of the

Special Committee on Impact. Mr. J. B. Hunley, engineer of structures. New York
Central Lines, who had been chairman of this committee for a number of years, was
compelled to give up the committee work temporarily, because of an extended illness,

and Mr. C. H. Sandberg, assistant bridge engineer of the Santa Fe, has consented to

serve as chairman in Mr. Hunley's place.

Chairman C. H. Sandberg (Atchison, Topeka & Santa Fe) (New York Central):

Before discussing our work, I will read the assignments and the report of our committee.

He read the reports on Assignments 1, 2, 3, 4 and 6.)

Chairman Sandberg: On two of our subjects, S and 7, we are making no report.

As mentioned by the president in his address, your Special Committee on Impact is one
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of the committees that has been receiving appropriations to help carry out its inves-

tigations and research.

The work of this committee, as far as test results are concerned, dates back to 1940

when the first appropriation was made by the AAR to help carry out the committee

assignments and for the purchase of suitable stress recording instruments. Since that

time considerable work has been done on the testing of railroad bridges by the research

staff under the general direction of Mr. G. M. Magee, research engineer, and directly

conducted by Mr. E. J. Ruble, assistant engineer. Part of this test work on bridges has

been done for your Impact committee and part of it at the request of individual rail-

roads and at their expense. Some of the data collected in making bridge tests at the

request of various railroads can and will be used to advantage in our impact studies.

It would appear of interest to summarize briefly what has been accomplished since 1940

when the first appropriation was received.

During the summer and fall of 1940, the research staff analyzed test data furnished

by the Pennsylvania Railroad. These data covered tests on two open deck girder spans,

one 55 ft. 10 in. and the other 122 ft. in length. The results of these tests were published

in Bulletin 422. Also during that year electromagnectic strain gages with recording

oscillographs were purchased.

In 1941, the staff made some oscillator tests on a 102-ft. 6-in. through truss span

at Springfield, Ohio, to determine the natural loaded and unloaded frequencies and the

damping characteristics of this truss bridge. Tests were also made that year on four

short spans on the Burlington and Santa Fe railroads, using the electromagnetic strain

gages under both Diesel and steam locomotives. Two of these spans were of the open

deck type while the other two had ballasted timber decks. These tests were made at

the request of your committee.

During 1942, at the request of three individual railroads, the research staff conducted

tests on a 990-ft. cantilever span for the Santa Fe, a 179-ft. draw span for the New
York Central, and a 307-ft. 6-in. draw span for the Milwaukee. These tests were made

primarily to determine the maximum stresses resulting from the operation of heavy

power. As stated before, some of the results obtained will be made use of by the Impact

committee. Two additional tests were made that year on short span bridges on the North

Western Railway for the committee. One span tested had an open deck and the other

span a ballasted concrete deck. After the field work for the year was completed, the

data on the six short span bridges under the Diesel locomotives were analyzed for impact

effects, and a report thereon was published in Bulletin 433.

In 1943, the research staff conducted tests for your committee on a 160-ft. open

deck through truss span of modern design on the Milwaukee and then tested a short

open deck beam span on the Illinois Central. At the request of the Burlington tests

were conducted on the bridge of that road across the Mississippi river at Quincy, 111.

Readings were taken on a ISO-ft., a 200-ft., and two 2S0-ft. truss spans, also on a

362-ft. draw span.

In addition to the above mentioned field work for that year, the research staiT

analyzed the data on the Pennsylvania bridge tests at Elkton, Md. This bridge consisted

of an 83-ft. ballasted concrete deck span. The results of these tests were interesting and

can be found in Bulletin 439.

Your committee, with the help of the research staff, expects to complete the analysis

of the data on short span bridges this year so that a final report on Assignment 1 can

be made to you next year.

This concludes the report of your committee.
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Vice-President Miller: Gentlemen, you have heard a most excellent report on,

I think, work well done. Before excusing this committee, is there anyone who would like

to discuss any points?

Mr. Sandberg, the research work being carried on under the sponsorship of your

committee is of greatest importance at this time, and we want to congratulate you on

the progress already made. The committee is now excused with the thanks of the

Association. (Applause)

Discussion on Rail

(For Report, see pp. 393-502.)

(Vice-President Layng presiding.)

Chairman W. H. Penfield (Chicago, Milwaukee, St. Paul & Pacific) : Thirteen sub-

jects were assigned to the Rail committee for study and investigation during the year,

and progress reports are submitted to cover the subcommittee activities.

Under Revision of Manual, we are recommending proposed revisions of Form 402-C

on which rail failures are reported. Mr. C. B. Bronson, vice-chairman of Committee 4,

will present our recommendations for these revisions.

C. B. Bronson (New York Central) : The subcommittee handling the Revision of

Manual has made a critical study of the various forms for reporting rail failure data

to the Association. The rail purchases by the railroads for the past six years, or longer,

have been almost entirely of the thermally treated type, and therefore, any failures

should be critically studied and analyzed. It also developed that certain data could be

dispensed with, which would reduce the amount of work for the railroads and at the

same time simplify the compiling of this information in the offices of the Association.

The principal credit for working out the details of these revisions is due Mr. W. C. Barnes.

Mr. Charman, a motion is now offered to eliminate from the Manual the present

form 402-C covering general rail failure statistics, and also Form 402-C (a) covering

the instructions for filling in rail Failure Form 402-C, and that the corresponding forms

shown in the committee's report be substituted.

(The motion was seconded, put to a vote and carried.)

Mr. Bronson: The next item pertains to the method of reporting fissure data to the

Association. At the present time, more elaborate information is called for than is neces-

sary for statistical purposes. It has been found that the form could be considerably

simplified and reduce the amount of work for all concerned. We therefore submit a

motion that the present form 402-E and the instructions which pertain to this and

known as form 402-E (a) be eliminated from the Manual, and that form 402-L, as

shown on page 397, be substituted therefor.

(The motion was seconded, put to a vote and carried.)

Chairman Penfield: The next assignment is 2—Further research, including details

of mill practice and manufacture as they affect rail quality and rail failures, giving

special attention to transverse fis.sure failures and other defects in the head, web and

base, collaborating with Rail Manufacturers' Technical Committee; also specifications for

thermal treatment of rail, such as control cooled, Brunorized, etc.

On page 399 you will find the proposed recommended practice for the control

cooling of railroad rails as revised. I call your attention to a change which has been

made in the sixth paragraph of the recommended practice, reducing from seven to five

hours the time in which rails weighing less than 100 lb. per yd. must be held above

300 deg. F. This change was adopted by the contact committee representing the rail

roaniifacturers and the railroads and was approved by the Rail committee on October
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20, 1Q43. These recommended specifications are still tentative but are being followed

almost 100 percent.

The Tenth Progress Report of the Joint Investigation of Fissures in Railroad Rails

appears on pages 481 to 502. This work has been conducted by the Engineering Experi-

ment Station, University of Illinois, in cooperation with the Association of American

Railroads and the Rail Manufacturers' Technical Committee, under the direction of Dr.

H. F. Moore, research professor of engineering materials. University of Illinois.

The 1Q43 work has consisted of three main activities: First, field tests for batter of

end-hardened rails in service on the Chesapeake & Ohio Railway; second, examination

of the Carey end-hardened rails for weeping cracks; and third, the examination of control

cooled and Brunorized rails which failed in service. »

The first item—Field tests for batter of end-hardened rails in service on the C. & O.:

This field test was established in the spring of 193Q on the westbound track of the

C. & O., a few miles north of Carey, Ohio, 900 rails of 131-lb. section; 800 of these rails

being end-hardened, eight processes being used, and 100 rails were not end-hardened.

These rails have now been in service about six years and to April 1943, have carried

174,500,000 tons of traffic. The results of batter measurements to April 1943, have been

compiled by Mr. R. S. Jensen, special research associate, University of Illinois, and are

shown on pages 481 to 484.

The second part, shown on page 484, is the examination of Carey end-hardened

rails for weeping cracks. Mr. R. E. Cramer, special research associate professor. Uni-

versity of Illinois, has prepared a very interesting report on the cracks that have developed

in some of the hardened ends, bringing the report of these failures down to 1943, and

summing up the report with four very interesting conclusions.

(Chairman Penfield read the four conclusions at the bottom of page 487.)

Chairman Penfield: The third item, which was handled by the university staff,

covers an examination of control cooled and Brunorized rails which failed in service.

This work has embraced one of the major activities of the joint investigation during

1943, and Professor Cramer has covered this work in considerable detail in the report

on pages 4SS to 502.

This report covers the examination of 91 individual, control cooled rails. Photo-

graphs showing many typical failures are included in the report. It is interesting to note

that, while some of these rails failed from transverse fissures, the only ones starting

from shatter cracks were in a Brunorized rail which the road acquired in April 1938, when

the Brunorizing process was new, and in two other rails rolled in December 1936, and

March 1937, in which the shatter cracks were ascribed to loose lids on the cooling boxes.

Such other transverse fissures as have been examined at the University of Illinois

are shown to have started from blow holes or from welded spots, 12 from blow holes,

3 from welded spots.

That concludes the report on Assignment 2.

The next assignment is No. 3—Compilation of statistics; (a) All rail failures,

making special study of transverse fissure failures; (b) Compilation of statistics for

determining the performance of control cooled and Brunorized rail in service with respect

to rail failures, with the view toward evaluating the higher price paid for treated than

for untreated rails.

Mr. W. C. Barnes, engineer of tests, the subcommittee chairmen, will report on

this subject.

W. C. Barnes (AAR) : We will first refer to the general rail failure statistics which

are for the year ending December 31, 1942, appearing on pages 400 to 406. The out-

standing feature this year is the remarkably low five-year combined service and detected
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failures in rails from all mills, rolled in 1<J.^7, which rails have just completed their five-

year period of observation. The failure rate of these 193 7 rollings has reached only 23.9

per 100 track miles, which is the lowest five-year rate so far recorded and which, for

comparison, is less than the one-year rate of the 1912 rail.

The gradual reduction in the five-year-period rate for the rollings of recent years is

evident in Table 1 on page 401. The improvement shown in general rail failures might

appear to conflict with the transverse fissure statistics to be presented later, which show

a rapidly increasing number of failures of that type reported each year. This is an ap-

parent conflict only, and is due to the fact that the annual fissure failures reported are

those which occurred in rails of all rollings, irrespective of age, whereas the general rail

failure statistics include the failures in rail that has seen service for only five years.

With the change in the form for reporting failures, I expect that next year we will

be able to put both the transverse fissure statistics and the general rail failure statistics

on the same basis, including the same rails from the same roads, and it will be a great

improvement, I believe.

The transverse fissure failure statistics as of December 31, 1942, appear on pages

406 to 413. The transverse fissure failures are reported by each of the reporting roads

by years and are shown in Table 1, and the totals for all roads, by years, are shown

graphically in Fig. 1.

From Fig. 1, it will be seen that the increase in service-plus-detected failures, has

been very rapid from year to year, reaching a total of 37,255 for the year 1942, of

which total 29,848 were detected. The heavy detection of failures during recent years has

so far prevented service failures from getting entirely out of control.

Control cooled and Brunorized rail statistics are given on pages 413 to 416. The

figures presented are confined to rail purchased under contract and, hence, do not include

the early experimental rollings.

A record of the gross tons of control cooled and Brunorized rail purchased by

reporting roads from each mill appears in Table 1. This record is as of June 30, 1943.

Table 2 on page 415 lists accumulated failures of all types, reported in all rollings, to

October 10, 1943.

What follows is almost a repetition of what Mr. Penfield said. Investigation has

shown that all but two of the transverse fissure failures in control cooled rail developed

from inclusions or blow holes—causes which that process could not be expected to

eliminate. Investigation of the two which originated in shatter cracks developed the fact

that those rails were rolled before suitable cooling box covers were in use. No fissure

failures have been reported in Brunorized rail rolled under the new process adopted

in 1938.

Vice-President Layng: Any comment on this portion of the report? If not, it will

be received as information.

Chairman Penfield: The next assignment is 4—Cause and prevention of rail bat-

tering and methods of reconditioning rail ends. Mr. J. C. Ryan, supervisor of welding.

New York Central System, is the subcommittee chairman who will present the report.

J. C. Ryan (New York Central) : There is not much to report this year. The
C. & O. tests were pretty well covered. The test track at Penola has developed no

radical changes this year, Mr. Hastings told me four or five months ago. The special

field tests have been covered.

Vice-President Layng: This is a progress report. Is there any comment? If not, it

will be so received.

Chairman Penfield: The next subject is Assignment 6—Continuous welding of rail,

collaborating with Committee 5—Track. Mr. Patterson, our subcommittee chairman, is
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not here this forenoon. This is a progress report bringing down to date the failures that

have occurred during the past year and to date, all of which are shown on page 417.

Vice-President Layng: Any discussion? If not, it will be so received.

Chairman Penfield: Next is Assignment 7—-Service tests of various types of joint

bars. Mr. Ray McBrian, engineer of standards and research, Denver & Rio Grande

Western, is the subcommittee chairman, and will present the report. Mr. McBrian is also

chairman of subcommittee S. He will now present reports on both assignments.

(Mr. Ray McBrian, Denver & Rio Grande Western, read the first paragraph of the

report on Assignment 7.)

Mr. McBrian: Observations and measurements have been continued by Mr. Magee's

organization, and these have been reported on in detail. The conclusions to date, from

the test data, are found on pages 433 to 434 and include the data of end-hardened rail

on both test tracks, which show much less batter than on the non-end-hardened rail.

There is also discussion of rail head wear. Observations of 36-in. bars compared to

24-in. bars are included. It will be noted that the 24-in. bars in locations B and E on

the Pennsylvania have been removed, and it is anticipated that bars of one or more of

the 36-in. types will have to be removed in the next year or two. Controlled bearing

bars have shown no superiority over the full bearing bars, and no definite conclusions

have been reached regarding the headfree or angle bar types.

This report is offered as information, with the recommendation that the subject

be continued.

Vice-President Layng: Is there any discussion on this portion of the report? It will

be received as information.

Mr. McBrian: The report on Assignment 8: As in the previous reports on this

assignment, this is a progress report which includes information obtained on the rolling-

load tests of fully assembled rail joints conducted at the University of Illinois under

Professor Alleman's direction.

The general observations are made on pages 443 to 444. Briefly, these show that the

variations found in the tests are assigned to various causes, such as inherent variation

of material, the differences in heat treatment, decarburization, and high bearing pressures

caused by rough fishing surfaces.

No conclusions have been reached. The report is offered as information, with the

recommendation that the subject be continued.

Vice-President Layng: Is there any discussion? If not, the report will be received

as information.

Chairman Penfield: The next report will be Assignment 10—Development and char-

acteristics of fractures under engine burns in rail, together with investigation as to the

effectiveness of welding up engine burns by oxyacetylene or electric methods. J. B. Akers,

chief engineer. Southern Railway System, is subcommittee chairman and will present

the report.

J. B. Akers (Southern): The report is offered as information only, with the recom-

mendation that the subject be continued. The work has been proceeding, but with some

delay in obtaining repair materials for the rolling-load machines. The present testing

is being carried on in the laboratory of the Southern Railway at Alexandria, where we
have two rolling-load machines, one loaned by the Sperry Company, the other by the

Union Carbide Company. A number of 100-lb. test specimens, with and without burns,

have been tested. The work has not progressed sufficiently to draw any conclusions. We
recommend that the subject be continued.

Vice-President Layng: Do you care to discuss that part of this report? If not, it will

be received as information.
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Chairman Penfield: The next subject is Assignment 11—Investigate causes of shelly

spots and head checks in rail surfaces for the purpose of developing measures for their

prevention. Mr. F. S. Hevves, oftice engineer, Santa Fe Railway, is the subcommittee

chairman and will present the report.

F. S. Hewes (Atchison, Topeka & Santa Fe) : This year's report of Subcommittee 11

is the second annual report on this assignment. You will note that this report is divided

into three main groups: Group 1, handled directly by the subcommittee; group 2, handled

by Mr. Magee and his staff; and group 3, handled by the University of Illinois staff

under Professors Moore and Cramer.

The various items of study under each group are hsted on page 446. The group 1

portion of this report covers pages 446 to the beginning of Appendix A on page 449.

It has been found that shelling is a much more serious and wide-spread condition than

was first reaUzed when this study was assigned to this subcommittee.

This assignment has not advanced far enough to warrant any definite conclusions

at this time. A reference is made in item (a) at the top of page 449 to Professor Cramer's

report under Assignment 2. For ready reference, I will state that this may be found on

page 495.

Mr. Magee's report in Appendix A, is divided into three parts, namely: A. Rail

Contours; B. Coal Tar Wheel Contours; and C. The Bearing Conditions of Wheels on

Rails. It is proposed to extend this work along similar lines, with measurements of rail

and car wheel contours on other railways, as the study is continued on this assignment.

Professor Cramer's report in Appendix B shows an examination of so-called shallow

shelling of rail. This is in contrast with the deeper shelling of rails which results when

the shelling starts inside the rail head, as described in last year's report of this sub-

committee. Pages 464 and 465 present information obtained in rolling-load tests in the

laboratory at the University of Illinois on rail specimens that had been machined to

provide a path one inch wide for a flangeless wheel.

The chart on page 466 is a summary of these rolling-load tests on the 21 specimens

which were so tested. Fig. 9 shows a rolling-load test using a standard flanged wheel.

This produced wear rather than shelling. We were unable to produce shelling by this

means. Therefore, the apparatus shown in Fig. 10 on page 468 was devised, being a

cradle for rocking the rail under the wheel of the rolling-load machine in a vertical

position to a position of 1 to 5 cant, to try to reproduce the actual field conditions of

the contact of the rail and the wheel under the various conditions encountered with

worn wheels and the various positions of the wheels contacting the rails. This has

promise of giving very worth while results. These studies will be continued actively

during the coming months.

This report is offered as information, with the recommendation that the subject

be continued.

Vice-President Layng: Is there any discussion on this part of the report? If not,

it will be received as information.

Chairman Penfield: The next report is Assignment 12—Investigate recent develop-

ments affecting rail sections. Mr. C. B. Bronson is the subcommittee chairman and will

present the report.

Mr. Bronson: This investigation originated in the fact that certain roads were run-

ning into some difficulty in connection with web cracks in 112-lb. rail. A good many
have been somewhat alarmed at this condition.

One of the first things we tackled was to ask a certain number of representative

railroads to give us information as to the number of failures of this kind that occur,

not only in 112-lb. rail, but also in 131-lb. It was rather surprising to find that during

i
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the six-month period from September to March there were only 3 actual web failures in

the 112-lb. rail, and in 131-lb. rail there were a total of 31 indicated.

However, in breaking the analysis down on that particular weight of rail, we find

that 22 of these occurred on one road on the low side of the curves, the degree of

curvature being from 4 to 13 ; and 3 on welded rail on another road. In other words,

the problem, as far as the actual failure is concerned, is not nearly as serious as was

at first indicated or believed. We are going to continue to gather that information.

However, that did not mean that the critical study of the design of the rail should

not be carried on. In addition to the information as shown in the report here, a very

elaborate and critical study has been made of various types of rail sections weighing 112

and 131-lb. per yd. at Proviso yards of the Chicago & North Western. The data are

rather extensive and are being critically studied and will eventually be available, thus

taking the guesswork out of the design of the rail and bringing it down to a real,

scientific basis. Full credit for this is due to Messrs. Magee, Ferguson and Cress, because

the entire work and planning has been done under their jurisdiction.

In addition to that, there are certain features of a more scientific nature that seemed

to warrant study and that work has been carried on through cooperation with the

Northwestern Technological Institute, and later on some of the information from that

source will also be available.

This report is just presented as information.

Vice-President Layng: Any discussion on this portion of the report? If not, it will

be received as information.

Chairman Penfield: This concludes the reports of the work on the Rail committee

for 1943.

Vice-President Layng: Once again the Rail committee has met our expectations. It is

doing a fine piece of work and deserves not only the fine commendation of the Board

but of our entire Association.

Thank you very much. Mr. PenfieM. The committee is now dismissed with the

thanks of our Association. (Applause)





REPORT OF THE SECRETARY
March 1, 1944.

To the Members:

For the first time in the history of the Association, the report of the secretary

covers a year in which there was no annual meeting. However, as will be observed, the

body of the report embraces Uttle regarding the activities of the AREA that discloses

any marked deviation from the record of other years. What is recorded that constitutes

a marked departure from circumstances reported at other times, can be ascribed in most

cases to the impact of the war or the war effort rather than to the canceling of the annual

meeting. In other words, the Board of Direction when confronted with the necessity for

dispensing with the usual gathering of the members, took such steps as would insure a

continuation of the services provided the members through activities of the secretary's

office.

As in previous years this report covers the calendar year of 1943 with respect to

finances and the period from March 1, 1Q43, to March 1, 1944, so far as all other

activities of the Association are concerned. Therefore, to sum up the conventional record

as it is presented under appropriate headings which follow—the accounts of the Associa-

tion showed an excess of receipts over expenditures of $4,926.97; there was a decrease

of 3 in the number of members, reducing the total membership from 1,965 to 1,962, a

reduction which will probably be wiped out by the time of the annual meeting by Board

action on applications for membership still pending; the committees prepared reports

totaling 478 pages compared with 626 in the year ending with March 1, 1943; and the

reprinting of the Manual was completed during the summer of 1943. Research work in

the interest of studies being carried out by the committees has been augmented as larger

appropriations have been authorized, the budget for 1944 providing for authorized

expenditures of $109,050.

If any general observation is warranted regarding this record it is that, whereas

additions to the membership probably suffered from the lack of the stimulus produced by

an annual meeting, the other activities were influenced primarily by the heavy burden of

the war effort which made it impossible for members to give the usual attention to the

work of the committees. As a result the volume of committee reports declined and with

it the expense for printing, which is the primary reason for the large excess of receipts

over expenditures.

The fact that the Association was enabled to continue its activities with only a

moderate diminution of their customary vigor is due in no small degree to the excellent

response to President Clarke's appeal for written discussion of the committee reports

submitted for presentation at the meeting which was to be held in March 1943. As the

result of comments and criticisms submitted it was possible for the Board of Direction

to exercise the requisite discretion in the consideration of the committee reports prelimi-

nary to their presentation to the members by letter ballot. Considering the fact that

procedures had to be set up without any background of precedent, the manner in which

the material submitted for adoption was handled by letter ballot was highly gratifying,

and while this experience pointed to modifications in the procedure which would improve

the results in a subsequent year, authorization of the annual meeting in 1944 has fortu-

nately made it unnecessary to adopt these revised practices.

As recorded in the report of the secretary for the year ending March 1, 1943, new

duties and responsibilities growing out of the war effort of the railroads have been

653
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imposed on your officers and the committees, including special committees created to

meet the necessity for emergency action not contemplated in the Constitution of the

Association. However, as the activities under this heading did not differ materially from

those reported a year ago, no special mention of them seems necessary here.

Membership

The membership record for the period from March 1, 1943, to March 1, 1944, was

as follows:

Members on rolls as of March 1, 1943 1,965

New members 93

Reinstatements 13

2,071

Lost by death 41

Resigned 18

Dropped SO 109

1,962

Net loss 3

Membership as of March 1, 1944 1,962

As there were 11 applications pending on which the Board of Direction had not

acted at the time that this report was written, the actual showing with respect to mem-

bership is better than indicated by this tabulation.

The composition of the membership as of March 1, 1944, compared with March 1,

1942 and 1943 is as follows:

1942 1943 1944

Life 168 182 182

Member 1,466 1,496 1,485

Associate 272 249 257

Junior 37 38 38

1,943 1,965 1,962

According to information received in the secretary's office, 100 members are in

military service, compared with a record of 67 on March 1, 1943. However, it is doubtful

if either figure is correct, since in many cases information regarding the member's induc-

tion into any one of the armed services is not received until long after he has left his

civil employment.

The territorial distribution of the membership shows no marked change compared

with that of a year ago, indicating that the world war conditions which resulted in a

marked reduction in the number of members in countries other than the United States

and Canada in the seven years from 1935 to 1942, are not precluding the continuation

of memberships in the few foreign countries in which the Association is still represented.

With the object of cooperating in a war measure adopted by the Post Office Depart-

ment, a circular letter was issued to the members during the year requesting them to

supply address information to the end that the zone numbers assigned to designated

territories in the larger cities could be included in the members' addresses as they appear

on the Association's address plates and as published in the Year Book and in the Per-

sonnel of Committees. This change in the addresses imposed an added task of no mean

proportions on the secretary's staff.

During the 12 months ending with March 1, 1944, the Association suffered a severe

loss through the death of 41 valued and revered members. In only one previous year



Report of the Secretary 655

has the number of deaths been so high. Included among the deceased were E. H. Fritch,

retired secretary; H. R. Safford, a past-president; and Frank Ringer, at one time a

director of the Association. Others meriting special mention are R. C. Barnard ('99)
;

D. W. McNaugher ('00); J. R. Worcester ('01); M. F. Brown ('03); E. F. Kenney

('05); W. M. Dawley ('06); veteran members whose affiliation with the Association

dated from the years indicated by the numerals following their names. Mention should

also be made of B. H. Mann, who served for 22 years on the Yards and Terminals

Committee, for three years each as vice-chairman and chairman; J. L. Downs, for many

years a loyal member of the Committee on Rules and Organization, and also of Lieu-

tenant Colonel W. H. Hinsch, the second member of the Association to lose his life in

the service of his country during the present war, the only other of whom we have any

knowledge being Colonel J. A. Gillies, whose death was reported in the secretary's report

for 1943.

Finances

The financial statement for the calendar year of 1943 which appears on a following

page, may be summarized as follows:

Receipts $28,735.83 .

Disbursements 23,808.86

Excess of receipts over disbursements $ 4,926.97

This excess of receipts over disbursements is larger by $119.16 than the correspond-

ing figure for last year and, for that matter, is considerably larger than was anticipated

when the budget for 1943 was set up. However, it is well to bear in mind that budget

control in an institution like the AREA is far from complete. A large portion of the

annual expenditures is for paper and printing and the volume of the printed matter is

determined by the activity of the committees which for very good reasons is not under

definite control and certainly should not be.

Because of this peculiar circumstance the Board must adopt annual budgets which

appear to meet the current requirements as near as they can be determined with the

hope that the activities of the Association will be such as to require the effective utiliza-

tion of the funds made available but without an excess of expenditures over receipts.

However, during 1943, owing largely to a decline in the number of pages in the bul-

letins and Proceedings, the expenditures were much less than had been anticipated. A
further evidence in the decline of "normal" expenditures is provided by the table of

receipts and disbursements in which the outlays for Manual and Track Plans have been

segregated from other disbursements.

Comparison of Receipts and Disbursements for a Nine-Year Period

Disbursements
Receipts Normal Manual* Track Plans

1935 $29,001 $25,311 $4,799
1936 28,643 25,050 9,612

1937 36,523 23,605 8,595

1938 28,422 23,394
1939 28,189 22,969 $ 878
1940 28,272 24,000 665 1,786

1941 32,433 24,972 2,154 2,258

1942 31,500 23,235 2,505 952
1943 28,736 20,309 1,600 1,900

* Outlay for loose-leaf Manual, except cost of annual supplements.
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Because of the lack of positive budget control, the Board of Direction through the

years has pursued a conservative course in matters of finance, with the result the

revenues have exceeded expenditures by an amount averaging $2,210.67 per year for the

45 years since the AREA was organized. Because of the fund so accumulated the

Association receives in interest annually an amount equivalent to the collection of more

than $1 of additional dues per member and is able to finance such undertakings as the

editing and publication of the loose-leaf Manual in 1935 and 1936, when the expenditures

exceeded the revenues by more than $7,000.

,, . ,
Publications

Bulletins and Proceedings

The number of text pages in the seven bulletins ending with Bulletin 445, March

1944, was 733 or 101 pages less than in the seven bulletins ending with the issue for

March 1943. There is, of course, an obvious explanation for this decline, namely, the

severe demands on the time of railway men as reflected in a reduction both in the

volume of committee reports, and in the number of pages of monographs which became

available for publication in the two summer bulletins. The number of pages embraced

in the committee reports to be presented at the annual meeting in March 1944, is 478

compared with 626 pages completed a year ago and 616 pages prepared for presenta-

tion at the annual meeting in 1942. There was a corresponding reduction in the size of

the June-July and September-October bulletins. While this decline in the number of

printed pages may be classed as a natural consequence of the war effort, it is neverthe-

less a rather fortuitous one for it enables your Association to do its part in effecting the

much needed reduction in the consumption of paper.

While the size of the two summer bulletins was materially curtailed, the subject

matter was nevertheless of a high order as indicated by the brief summaries of their

contents presented below. It will be noted in particular that reports of research work

are prominently featured.

Contents of Bulletin 439, June-July 1943

Impact Investigation of a Plate Girder Bridge

Style Standards for Committee Reports

Preliminary Report of Committee 3—Ties

Memoir—Emil Herbert Fritch

Association News

Contents of Bulletin 440, September-October 1943

Progress in the Study of the Relation of Track and Rolling Stock

Studies of the Pressure as Affected by the Area of Contact Between Wheel and Rail

Investigation of the Impact Effect of Flat Wheels

Fatigue Failure in Its Relationship to the Strengthening and Repair of Steel Bridge

Members—Wilbur M. Wilson

Investigation of Electrolytic Corrosion of Steel in Concrete—A Progress Report

Memoir—Harry Robinson Safford

Association News

Volume 44 of the Proceedings (1943) was appreciably smaller than Volume 43, con-

taining 732 pages, compared with SIS pages in Volume 43 and 1,166 pages in Volume 42.

While there were actually 10 more pages of committee report material in Volume 44 than

in Volume 43, it must be remembered that with no annual meeting last year, discussion

published in Volume 44 comprised only 29 pages of written comment, compared with a

100-page transcript of the oral comment presented at the meeting in 1942.
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Manual

Progress in the revision of the Manual is indicated in the tabulation of annual

supplements, which shows that 176 new sheets were issued in 1943 to replace ISS sheets

withdrawn, thus resulting in a net increase of 18 sheets. It will be observed also from

the table that in the 7 years since the loose-leaf Manual was issued 1,042 new sheets

have been added, and 851 sheets have been withdrawn, leaving a net increase of 191 sheets.

It was anticipated that the sharp increase in the volume of Manual sales which was

stimulated by the extensive construction of railway facilities incident to the war effort,

would subside with the abatement of the intensive program of war facility construction.

Actually the sale of complete Manuals during the year was less, amounting to 172 books,

compared with 217 in 1942. However, because of a sustained demand for separate chap-

ters, reprints and supplements, the reduction in dollars was relatively much less, amount-

ing to but $565.67, so that the receipts credited to the Manual totalled $2,435.10. The

sale of 172 copies during 1942 brings the total distribution of complete Manuals in the

loose-leaf form to 2,483 copies.

New Sheets Old Sheets Net
Supplement Issued Withdrawn Increase

1937 110 69 41

1938 151 121 30
1939 128 95 33
1940 185 139 46
1941 148 120 28
1942 144 149 —5
1943 ..." 176 158 18

Total 1,042 851 191

With the reprinting of Chapter 11—Records and Accounts, and Chapter 15—^Iron

and Steel Structures, the program for a complete new edition of the loose-leaf Manual

was completed in the early summer of 1943, and it is anticipated that the stock of the

present printing will not be exhausted for a period of about three years.

Trackwork Plans

As noted in the secretary's report for 1943, the stock of portfolios of the trackwork

plans printed in 1941 and 1942 was so nearly exhausted by the early summer that it

was necessary to carry out a complete reprinting and to provide additional binders.

While there is a considerable sustained demand for these portfolios and for individual

sheets of the trackwork plans, it is anticipated that the present stock will serve for

several years.

Work of the Committees

As no new committees were created and none was abolished during the year, the

number of committees remains at 25, but inasmuch as Committee 26—Standardization,

submits reports to the Board only, there are, in fact, but 24 committees that normally

prepare reports for pubhcation in the bulletins.

The number of members serving on the 25 committees during 1943 was 636, com-

pared with 632 in 1942, and 650 in 1941. Of this number 496 persons serve on one com-
mittee only, 120 serve on two, 16 serve on three, and 4 serve on four committees, so

that the total number of names listed on the roster of the 25 committees is 797, com-

pared with 804 in both 1942 and 1941. The average number of members per individual

committee is 32; the maximum number, the personnel of Committee 5—Track, is 63;

while the minimum number (exclusive of Committee 26) is 12.
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Inability of many members to leave their work and restrictions on traveling resulted

in a further curtailment of committee meetings, there being only 26 meetings during the

calendar year of 1943, compared with 41 meetings in 1942, and S2 meetings in 1941.

Two committees held 3 meetings each, 7 committees met twice during the year, and

6 committees only once, while 8 other committees found it possible to prepare and submit

reports for publication without holding any meetings.

While some of the committees or groups representing committees were compelled

to hold meetings for the purpose of considering emergency problems growing out of

requests for assistance received from the Association of American Railroads, the number

of such meetings was materially less than in 1942. However, this does not mean that

the volume of work done declined appreciably compared with the earlier year. For

example, members of two committees were compelled to devote a large amount of time

to the reviewing of emergency specifications submitted by the War Production Board

and several other committees carried on a great deal of time-consuming work by

correspondence.

Reports were prepared by 23 of the 25 committees, there being no occasion for

reports from Committee 26—Standardization, and Committee 20—Uniform General Con-

tract Forms, while the report of Committee 25—Waterways and Harbors, was confined

to a brief statement of progress. In the aggregate the 23 committees presented reports

on US out of a total of 195 assigned subjects.

A measure of the diversity in the nature of the material comprising the reports is

indicated by the following table in which an effort has been made to group the reports

under various classifications as to subject matter. From an examination of this list in

comparison with corresponding figures for the two previous years, it is evident that the

obstacles to the conduct of committee work have not resulted in any marked variation

in the nature of the reports presented. The volume of Manual material measures well

up to that of previous years, while the number of reports related to research work is

indicative of the expanding programs of scientific investigations being carried on in the

interest of committee work.

1942 1943 1944

Revisions of the Manual—minor 6 4 6

Revisions of the Manual—major 12 4 6

New Manual material—minor 2 2

New Manual material—major 11 9 10

New Manual material—tentative S 5 2

Information 37 41 45
Information—with brief conclusion for Manual 2

Reports on research work 10 11 12

Reports on service tests 4 4 2

Statistical data 6 7 5

Mathematical studies 1 5 2

Bibliographies 3 2 3

Brief report of progress 17 5 18

War emergency provisions and reports 13 4

116 112 115

Research Work

The year of 1943 was marked by further progress in research work fostered and

financed by the AAR in the interest of problems arising out of assignments to the various

AREA committees. More work was done than in any previous year and the amount of

work authorized for 1944 as measured in dollars appropriated, represents a distinct

expansion of the research program.
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Research work of interest to the AREA was placed on an entirely new basis on

January 1, 1938, when the AAR Division of Engineering Research was dissolved and all

investigations of that organization that related to tracks and structures were turned

over to the Engineering Division and Mr. G. M. Magee was appointed research engineer.

In the ensuing years, ending with December 31, 1943, about $461,000 has been expended

on engineering research. As will be noted in the following tabulation, the amount

expended is appreciably less than the total of the authorized appropriations for those

years, but it will also be observed that both the amounts allotted and the sums spent

have increased from year to year so that the appropriation authorized for 1944 is

$109,050.

Number of

Year Projects Authorized Expended

1938 7 $ 78,158 $ 72,960
1939 9 77,650 73,579
1940 8 69,250 62,989
1941 8 95,150 82,496
1942 10 87,932 80,364
1943 17 98,445 89,000*
1944 19 109,050

Total Six Years $461,388
Total Seven Years $615,635

* Estimated.

What is also significant is the increase in the number of individual projects, which

expanded from only 7 in 1938 to 19 in 1944. This marked increase is in part the result

of a change in policy, the idea of large blanket appropriations for such general subjects

as "stresses in track" having been abandoned in favor of a policy under which the

committees are encouraged to submit recommendations for investigations of a greater

number of specifically designated items. Some measure of the diversification that has

been carried out in the research work is indicated by the following tabulation in which

the projects are listed in appropriate groups.

Tabulation of Research Projects, ENcnsrEERiNG Division Budget,
1938-1944, Inclusive

Rail Committee on Track
Transverse fissure investigation Stresses in tie plates

Failure statistics Bolt tension tests

Continuous welding of rail Corrosion from brine drippings

Web stresses Welding of manganese frogs

Rail design Stresses in manganese frogs

Engine burn failures Rail anchors
Shelly spots and head checks Ballast

Rail Joints ^'^ °^ ^'^^^^^ ^" ^^"^'*

Tests of joint bars Structural Problems

Rolling load tests of joint bars Impact investigation

Fatigue strength of structural welds
Water Supply Properties of asphalt and coal tar

Boiler feed water investigation pitch

The general investigation of stresses in track which was carried on over a period of

28 years by the late Dr. A. N. Talbot, has been supplanted in part by the investigations

of the various features of the track structures listed in the table, as well as by the com-
prehensive investigation of various problems involving the relation between track and
equipment which has been in progress since 1941. This comprehensive research project

in its initial stage embraces 4 major items, namely, locomotive counterbalancing tests,
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rail gage and wheel contours, the relation of wheel load to wheel diameter, and an

investigation of flat spots. Including the allotment for 1944, a total of .'^122,000 has been

appropriated for the Engineering Division's share of this investigation and approxi-

mately $77,000 has been spent to date, considerable of it for the strain gages and oscillo-

graphs that were required for the extensive measurement of track stresses and locomotive

vibrations, the study of which comprises such an important factor in this investigation.

The test runs for the balancing investigation have been completed and it is antici-

pated that the preliminary report on this phase of the investigation will be submitted

to the appropriate committee of the Mechanical Division during the coming year. Pre-

liminary field studies have been carried out in the ilat spot investigation and rolling-load

tests are in progress on the study of the relation of wheel load to wheel diameter.

The budget allotments for 1944 in comparison with the allotments for 1943 and

19-12 are shown in the accompanying table.

Engineering Division Allotments for Research

1942 1943 1944
Budget Budget Budget

Committee on Rail

Transverse Fissure Investigation* ? 9,000 $6,000 $ 6,000

Rail Failure Statistics 5,832 6,072 6,500

Service Tests of Joint Bars 2,500 2,980 2,980

Rolling-Load Tests of Joint Bars 5,000 3,000 3,000

Cause of Shelly Spots and Head Checks 7,000 7,000

Investigation of Rail Designf 5,000 10,000

Study of Engine Burns 1,000 1,000

Total $22,332 $31,052 $ 36,480

Committee on Track
Investigation of Stresses in Tie Plates $ $ 2,500 $ 4,500

Bolt Tension Tests 1 ,500 1,500

Corrosion from Brine Drippings 1,000 1,000

Welding of Manganese Frogs 1 ,000 1 ,000 1 ,000

Stresses in Manganese Frogs .... 5,000
Rail Anchorage 3,000

Total $ 1,000 $ 6,000 $ 16,000
Relation Between Track & Equipment
Locomotive Counterbalancing Tests $20,000 .f.10,000 $ 5,000

Rail Gage and Wheel Contour 10,000 10,000 10,000
Relation, Wheel Load—Wheel Diameter 5,000 5,000 5,000
Flat Spot Investigation 5,000 5,000

Total $35,000 $30,000 $ 25,000
Structural Projects

Impact Investigation $14,500 $14,300 $15,200
Fatigue Tests of Structural Welds 5,000 5,000 5,000
Tests of Asphalt and Pitch 750

Total $20,250 $19,300 $ 20,200
Miscellaneous Projects

Electrolysis Study $ $2,000 $ 1,000
Research Office 9,250 10,090 10,270
Boiler Feedwater Study 100 100 100

Total $ 9,350 $12,190 $ 11,370

GRAND TOTAL $87,932 $98,542 $109,050

* AAR contribution matched by rail manufacturers.
t 1943 expenditures charged to Investigation of Web Stresses.
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A. C. Badger
Metallurgical Engineer, Youngstown Sheet & Tube Company, Youngstown, Ohio

R. A. Baldwin
Retired Engineer of Construction, Canadian National Railways, Toronto, Ont.

R. C. Barnard
Reti ed General Agent, Pennsylvania Railroad, Cincinnati, Ohio

E. W. Beatty
Chairman, Canadian Pacific Railway, Montreal, Que.

Francis Boardman
Assistant Terminal Manager, Grand Central Terminal, New York Central Railroad, New York, N. Y.

M. F. Brown
Partner, VVaghorne-Brown Company, Boston, Mass.

M. B. Clark
Assistant Chief Engineer, Atchison, Topeka & Santa Fe Railway, Los Angeles, Calif.

W. M. Dawley
Retired Engineer, Land and Tax Department, Erie Railroad. Manhattan, Kans.

J. L. Downs
Retired Superintendent, Illinois Central System, Champaign, 111.

M. H. DOYNE
Chief Engineer, C. E. Smith & Company, St. Louis, Mo.

E. H. Dresser
Chief Engineer, Duluth, Missabe & Iron Range Railway, Duluth, Minn.

Thos. Earle
Piesident, Thomas Earle & Sons, Philadelphia, Pa.

James Erskine
Special Engineer, Chicago, Rock Island & Pacific Railway, Chicago

W. K. Etter
Vice-President Operation, Atchison, Topeka & Santa Fe Railway, Chicago

E. H. Fritch
Retired Secretary, American Railway Engineering Association, South Bend, Ind.

C. W. Gennet, Jr.

Vice-President, Sperry Rail Service, Chicago, 111.

J. P. Hallihan
Staff Engineer, Works Progress Administration, Washington, D. C.

J. R. Hamilton
Division Engineer, Duluth, South Shore & Atlantic Railway, Marquette, Mich.

W. H. HiNSCH
Lieutenant Colonel. 267 Field Artillery, U. S. A., Camp Van Dorn, Miss,

(formerly Chief Engineer, Dearborn Chemical Company, Chicago)

R. L. Holmes
Engineer Water Supply, Texas & Pacific Railway, Dallas, Tex.
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A. R. Joyce
District Sales Manager, Koppers Company, Marietta, Ohio

E. F. Kenney
Metallurgical Engineer, Bethlehem Steel Company, Bethlehem, Pa.

Richard Khuen, Jr.

Consulting Engineer, Pittsburgh, Pa.

H. M. Laudemann
Chief Chemist, Water Supply Department, Chesapeake & Ohio Railway, Huntington. W. Va.

B. H. Mann
Retired Consulting Signal Engineer, Missouri Pacific Railroad, St. Louis, Mo.

G. W. McDoUGALL
Superintendent, International Railways of Central America, Barrios, Guatemala

D. W. McNaugher
Vice-President and Treasurer, Robert W. Hunt Company, Pittsburgh, Pa.

L. S. MOISSEIFF
Consulting Engineer, 99 Wall St., New York, N. Y.

J. A. Newlin
Retired Specialist, Mechanics of Wood, U. S. Forest Products Laboratory, Madison, Wis.

H. C. Phillips
Consulting Enginer, Chicago

C. D. Rafferty
336 20th Ave., Columbus, Ohio

Frank Ringer
Chief Engineer, Missouri-Kansas-Texas Lines, St. Louis, Mo.

W. A. Rogers
Chairman, Bates & Rogers Construction Corporation, Chicago

W. L. Roller
Division Engineer, Chesapeake & Ohio Railway, Columbus, Ohio

H. R. SAFFORD
Executive Assistant, Missouri Pacific Lines, Houston, Tex.

V. D. Scott
Assistant Engineer, Southern Pacific Company, EI Paso, Tex.

H. Slabotsky
Division Engineer, Southern Pacific Lines of Texas, Ennis, Texas

E. M. Smith
Assistant Engineer, Boston & Maine Railroad, North Hampton, N. H.

H. E. Tyrrell
Chief Engineer Maintenance of Wry and Structures, Southern Railway, Knoxville, Tenn.

S. L. WonSON
Assistant Chief Engineer, Missouri Pacific Railroad, St. Louis, Mo.

J. R. Worcester
Consulting Engineer, 79 Milk Street, Boston, Mass.



Report of the Treasurer bbi

FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING
DECEMBER 31, 1943

Balance on hand January 1, 1943 $94,649.64

RECEIPTS
Membership Account

Entrance Fees $ 7 70.00

Dues 17,057.50

Binding Proceedings 1,334.50

Sales of Publications

Proceedings 894.93

Bulletins 1,233.28

Manuals 2,435.10

Specifications 559.38

Track Plans : .

.

816.40

Advertising

Publications 1,407.76

Interest Account
Investments 2,204.99

Miscellaneous 21.99

Total $28,735.83

DISBURSEMENTS

Salaries $ 9,067.00

Proceedings 2,783.64

Bulletins 2,970.49

Stationery and Printing 571.63

Rents, Lights, etc 780.00

Supplies 69.86

Expressage 10.49

Postage 645.15

Exchange 3.00

Refunds, Dues, etc 13.13

Audit, Year 1942 200.00

Pensions 1,410.00

Social Security Act 83.20

Manual Supplements 2,930.49

Track Plans 2,036.89

Miscellaneous 151.82

Committee and Officers Expense 82.07

Total $23,808.86

Excess of Receipts over Disbursements 4,926.97

Less Loss on bonds redeemed 71.25

$ 4,855.72

Balance on hand December 1, 1943 $99,505.36
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REPORT OF THE TREASURER
To the Members:

Balance on hand January 1, 1943 $94,649.64

Receipts during 1943 $28,735.83

Paid out on Audited Vouchers 23,808.86

Loss on bonds redeemed 71.25

Excess of Receipts over Disbursements 4,855.72

Balance on hand December 31, 1943 $99,505.36

Consisting of

*Bonds at cost $84,362.98

Cash in Northern Trust Company Bank 14,103.10

Cash in Royal Bank of Canada 1,014.28

Petty Cash 25.00

$99,505.36

Respectfully submitted,

W. H. Penfield, Treasurer.

We have made an audit of the accounts of the American Railway Engineering Asso-

ciation for the year ending December 31, 1943, and find them to be in accordance with

the foregoing statements.

E. Deming,
C. G. Rivers,

Aridilors.

GENERAL BALANCE SHEET

December 31, 1943
Assets 1943 1942

Due from Members $ 740.50 $ 812.00

Due from Sales of Publications 18.85 3.10

Due from Advertising 126.00 148.00

Furniture and Fixtures 392.04 435.60

Publications on hand (estimated) 900.00 1,000.00

*Investments (cost) 84,362.98 79,434.23

Interest on Investments (accrued) 718.63 557.61

Cash in Northern Trust Company Bank 14,103.10 14,729.83

Cash in Royal Bank of Canada 1,014.28 460.58

Petty Cash 25.00 25.00

Manuals (on hand) 3,346.00 4,420.00

Track Plans 2,037.00 350.00

Total $107,784.38 $102,375.95

Liabilities

Members' Dues Paid in Advance $ 6,328.50 $ 6,224.00

Surplus 101,455.88 96,151.95

Total $107,784.38 $102,375.95

* Includes $6,240.00 book value of Rock Island, Arkansas & Louisiana 4J4% bonds, due March 1,

1934, not paid, in default.

Also includes St. L. S. W. R. R. S% bonds, book value $1,319..'51. par value $2,000.00, interest on

which has been paid in default since January 1, 1936. A total of $180.00 in interest payments has been

received during the years 1942 and 1943, paying in full January 1, 1936, July 1, 1936 and January 1,

1937 coupons, plus partial payment of $30.00 on July 1, 1937 coupon, leaving a balance of $20.00 on

July 1, 1937 coupon and all subsequent coupons unpaid.

Bonds acquired during year 1943: U. S. Treasury 2% bonds, $12,000.00 purchased at par and U. S.

Treasury 2% bonds, $5,000.00 purchased at par and accrued interest of $4.08.

Bonds matured and redeemed during the year, $12,000.00, 1>^%, U. S. Treasury Notes.



MONOGRAPHS





Progress in the Study of the Relation of Track
and Rolling Stock

Delays in the delivery of testing apparatus and limitations on the use of tracks and

trains have restricted progress on some projects and prevented all work on other items

in the research program of the AAR Committee on Relation Between Track and Equip-

ment. On the other hand, enough data have been accumulated on two elements in the

plan of this joint committee of the Mechanical and Engineering Divisions to warrant the

preparation of progress reports, which appear on the following pages. These relate to

the effect of flat spots on wheels and the influence of the relation of wheel load to wheel

diameter on the pressures between treads and the rail. However, much greater progress

has been made in the investigation of what has long been considered the primary problem

involved in the "relation between track and equipment", namely, locomotive counter-

balance. It is not too much to say that the study of this problem was the prime

justification for the creation of the committee.

This investigation required the purchase of special equipment, including strain gages,

accelerometers, oscillographs and other auxiliary apparatus necessary for recording the

strains in the track and both strains in and motions of the locomotives, together with

the setting up of a program of testing which involved the operation of IS different

locomotives with trailing train loads in a total of 843 test runs over a section of the

main track of the Chicago & North Western Railway near Harvard, 111.

Although there were delays in the manufacture of special equipment involving the

use of critical materials, as well as in the release of locomotives from revenue service

for the testing operations, all of the field work for this investigation has been completed,

but owing to the enormous mass of data that has been accumulated, the work of reducing

and analyzing the information obtained will not be completed for several months. It is

expected, however, that a comprehensive report on this project will be published during

1944. A brief synopsis of the investigation follows:

Locomotive Counterbalance Tests

The kinking of rails because of faulty counterbalancing of locomotives is an old

story to the railways, but in the past most kinking resulted from the operation of freight

locomotives with small diameter drivers at excessive speeds or the movement of dead

locomotives in trains with the side or main rods removed. However, in recent years

renewed attention has been focused on this problem by the fact that rails have been

kinked as a result of the operation of modern high-speed locomotives which had been

counterbalanced in accordance with generally accepted rules.

Repeated experiences of this kind led the Mechanical Division of the AAR to advo-

cate an extensive investigation of locomotive counterbalancing and for that reason estab-

lished a Committee on Locomotive Counterbalance Standards. The Joint Committee on

Relation Between Track and Equipment which was reorganized in 1940 was charged

with the proper coordination of the study of counterbalancing by the Engineering and

Mechanical Divisions, and the Research Engineer of the Engineering Division and the

Mechanical Engineer of the Mechanical Division, both being members of the joint com-

mittee, were instructed to represent the joint committee in these tests.



Counterbalance Tests

The Committee on Locomotive Counterbalance Standards after a careful study

prepared a plan for the counterbalance tests. It was decided that four types of modern

high-speed locomotives should be included in the program, namely, the 4—8-2 or Moun-
tain type, 4-6-2 or Pacific type, 4—6-4 or Hudson type, and 4-8-4 or Northern type.

Plans were made to test these four types of locomotives on 100-lb. rail at speeds up

to approximately 100 m.p.h., and each type of locomotive was to be tested with various

arrangements of reciprocating balance that provided from zero to 50 percent reciprocating

compensation. The vertical and lateral forces delivered by the locomotive to the track

were to be measured by track testing equipment. Stresses in locomotive main driver

pedestals and equalizers, in the draw bar between engine and tender, and in the main

rods, as well as the acceleration of the locomotive frame and the cylinder pressure were

to be measured on the locomotive.

Field tests have now been completed on each of the types of locomotives as planned,

with the exception of the 4-8-4, which could not be secured for test purposes because of

the shortage of locomotives. However, in addition to the three engines tested according

to the program, 12 locomotives were tested to determine their effect upon the track:

Three Mikado type (2-8-2) locomotives and three Santa Fe type (2-10-2) locomotives

were tested with the counterbalance (a) as built, (b) as modified by the addition of

disc type main driving wheels and lightweight rods, and (c) as modified by the addition

of disc type wheels only, with the object of studying the advantages that could be ob-

tained by better balancing. Two Berkshire type (2-8—4) locomotives were also tested,

one engine as built and the other as modified by the addition of disc type wheels and

lightweight rods. Four Northern type (4-8-4) locomotives were tested to compare the

effects of differences in the amounts of reciprocating balance of heavy modern high-speed

passenger engines.

Passenger locomotives were tested at diameter speed* and at maximum speeds of

about 100 m.p.h. Freight locomotives were run at maximum speeds governed by limita-

tions of the track and the locomotive.

* Diameter speed is the speed at which the number of miles per hour equals the diameter of the

drivers in inches.



Studies of the Pressure as Affected by the Area
of Contact Between Wheel and Rail

Foreword

Item 3 in the research program of the Joint Committee on Relation Between Track

and Equipment is

Studies of the pressures as affected by the area of contact between wheel

and rail.

The reasons given by the committee for proposing this study have been set forth

as follows:

The introduction of larger power units designed to haul trains at the higher

speeds now demanded is again emphasizing the structural weakness of rail steel

over which these large units operate. Rail fails by flow of metal and where wheel

steel is overloaded the same distortion of the metal leads to shelling and wear.

The relation between the load and area of contact which is affected by the

diameter of the wheel and the shape of the rail head should be studied to fix

economical limits in the design of both. Any reduction in the amount of this

displacement of metal will have a direct bearing upon the life of both rail and

wheels.

The program set up tentatively for this project includes consideration of (a) various

loads on wheels, (b) various diameters of wheels, (c) a check of the existing standard

of load per inch of diameter, (d) various shapes of tread, (e) various widths and

shapes of rail head, (f) the effect of various shapes of wheel tread and various widths

and shapes of rail head on the wear of wheels and rail as between tangents and curves

and various curves with various speeds and superelevations, (g) various hardnesses of

wheel and rail steel, (h) unit pressures in the different locations of the area of contact,

and (i) the flow of the metal of both rail and wheel. Some of these items involve

laboratory work, others entail field tests and a few call for both laboratory and

field studies.

The following is a progress report on one phase of this investigation, namely, rolling-

load tests under the direction of H. F. Moore, research professor of engineering materials

at the University of Illinois, in which wheels of various diameters are rolled to and
fro on a short length of rail for the purpose of determining the number cycles of load

application required to produce failure.

Effect of Wheel Size

By N. J, Alleman
Special Research Assistant Professor of Engineering Materials,

University of Illinois, Urbana, 111.

1. Tests to Fracture

PreUminary tests were made in the 12-in. stroke rolling-load testing machine, using

the 33-in. wheel, to secure a criterion for relative damage to rail by various wheel sizes.

By drilling small holes into the rail head both from the rail end and from the under
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side of the head an attempt was made to introduce a defect from which a transverse

fissure would develop. Attempts of this nature were unsuccessful as the cracks progressed

in a horizontal plane.

Tests were also made on short lengths of shatter-cracked "A" and "B" rails, 131-lb.

section, from a hydrogen-treated ingot. The specimens were loaded as shown in Fig. 1,

the cantilever overhang at one end of the stroke being 8 in. The test schedule also

includes tests of a 40-in. wheel and a SO-in. wheel without flanges, which were obtained

from the Edgewater Steel Company. The data on the original 33-in. wheel, also

flangless, purchased with the machine, and the SO-in. wheel are as follows:

Wheel
Diameter Carbon
Inches Manufacturer percent

33 Carnegie 74

SO Edgewater 64

Brinell

Marking Hardness*

10-37 AARMW 348
S-42 (CR)AARMW 325

* Average of three readings on rim tread, at center and one inch from edges.

The results of tests on the shatter-cracked rails using both sizes of wheels are given

in Table 1. All failures were from transverse fissures varying from 40 to 60 percent of

the head area.

Rail 7S7C, 33-in. wheel, and rail 7S7C1, SO-in. wheel, were run with the same load

and may be compared directly on the basis of the number of cycles to cause fracture.

W6ee/ path
/2-/n.

'*4-/n.'' S-in.-

Machine Carriage

Fig. 1.—Position of Test Rail Specimen
in the Rolling-Load Machine.

Rail 7S7C run with the 33-in. wheel failed after 580,900 cycles and rail 7S7C1 run with

the SO-in. wheel required 7S0,100 cycles for failure, an increase of 29 percent.

The results of the rolling-load tests to fracture show considerable "scatter" and no

very marked difference between the results of tests under a SO-in. wheel and those from

tests under a 33-inch wheel. This is not surprising when the maximum shearing stress

set up on a rail is computed by the approximate formula given in Bulletin No. 212,

Engineering Experiment Station, University of Illinois, page 43, equation (b). The
shearing stress is equal to half the difference between maximum and minimum principal

stresses and that difference is

23,O0O/'i''s

(l7)"'(-)^

In the case of a wheel on a rail, Ri may be taken as the radius of the wheel. Then
in the rolling-load tests with different sizes of wheel on the same rail all the variables
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except Ri stay constant and the maximum shearing stress, which tends to cause failure

by transverse fissure will be proportional to

1

fX
Then the ratio of shearing stress set up by a SO-in. wheel to that set up by a

33-in. wheel will be

r 50 _ 4/33 — 4/ _ ^ 901

That is, under the 50-in. wheel the stress tending to cause fissure failure is only

about 10 percent less than that under a 33-in. wheel. The probable errors in a rolling-

load test might well be nearly as high as 10 percent.

2. Wear
The vertical wear on rail 7S7C (33-in. wheel) was 0.046 in. at failure, whereas the

wear on rail 757C1 (SO-in. wheel) at 580,900 cycles was 0.041 in. At failure, 750,100

cycles, the wear on rail 757C1 was 0.0425 in. The width of wheel path on all tests with
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At 770,000 cycles a drop of potential test gave negative results indicating that no

fissures were present. However, at failure, 1,094,300 cycles, a 60 percent fissure was

found.

3. Depth of Work Hardening
A second type of test being tried to ascertain the effect of wheel size on the rail is

to measure the depth of work hardening in the rail head. The rail was placed on a rigid

support on the carriage of the machine. Using a 75,000-lb. wheel load the rail was rolled

for 1,333,000 cycles, equivalent to 100,000,000 tons of traffic over the rail. A profile was

Hardness Readings on Cross Secf/on along l^ertica/ <t. of Rail Head
15.000-1b. Wheel Load 1.333,000 Cycles (100,000,000 Tons)

Rail 1092 Section 131-lb. Support: Solid

220 240 260260 280 300 220 240

VicHers Diamond Pyramid Hardness ~ 50-Hg. Load

Fig. 3.—Effect of Wheel Size on Depth of Work Hardening on Rail.

260

taken of the rail head at cycles corresponding to 100,000 to 5,000,000 and 10,000,000

tons of traffic and at increments of 20,000,000 tons until the test was discontinued at

100,000,000 tons.

After completing the test a cross section ^ in. thick was cut from the rail at the

middle of the length of the rolling path. After carefully polishing the face of the sample

a vertical hardness survey was taken using a Vickers diamond pyramid hardness testing

machine with a SO-kg. load.

The readings on a Vickers machine, termed diamond pyramid hardness, agree

within a few percent with Brinell hardness numbers. A decided advantage of the Vickers

machine for this type of work is that the identations may be spaced at close intervals

by using a small testing load and consequently variations of hardness within very small

intervals of space may be determined.

Fig. 3 shows a hardness survey made on two specimens cut from the same rail and

tested under identical conditions except that one had been loaded with the 33-in. and
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the other with the 50-in. wheel. Rail 1092 used for these tests is a Steelton, box-cooled

rail, 131-lb. section rolled in June 1934.

From Fig. 3 it is seen that the rail head appears to have been work hardened

down to a depth of about 0.45 in. by the 33-in. wheel with a maximum hardness of

296 at a depth of 0.15 in. A test on a section from the same rail rolled with the SO-in.

wheel appears to have been work hardened down to a depth of 0.20 in. with a maximum
hardness of 269 at a depth of 0.10 in.

This test is being duplicated on pieces cut from a 1941 controll cooled rail which does

not have such a variation of hardness as has rail 1092. This type of test gives promise

of value in comparing the effect of wheel size.

The plan for work in the next few months is to continue to make tests for wear

and depth of hardening under both the 50-in. and 33-in. wheels. Any test resulting in

fractures will be studied with especial care.



The Test Train at the Test Location.

Investigation of the Impact Effect of Flat Wheels
Preliminary Report

By G. M. Magee and E. E. Cress

Research Engineer and Assistant Engineer of Tests, Respectively,
Engineering Division, AAR

Introduction

This is a report of some tests relating to Item 4 of the program of the Joint Com-

mittee on Relation Between Track and Equipment of the Association of American

Railroads. This assignment reads in part as follows:

The effects on the track and on the equipment, resulting from irregularities

in the track, and in consequence of design of equipment and of varying

irregularities and conditions in equipment when passing over such track at

varying speeds.

In recommending this assignment the committee offered the following comment:

The rule requiring the movement of cars with flat wheels at ]ow speed is

probably wrong since the maximum effect upon track and equipment of the usual

flat wheels is at the lower speeds, probably 20 m.p.h.

Since the AAR test equipment was continuously engaged on the counterbalancing

tests during the working season of 1942, it was not possible to undertake extensive work

on the flat spot investigation. Moreover, a study of rail stress measurements made on

the Pennsylvania Railroad with a loaded coal car having a four-inch long flat spot on

each wheel of one axle (See Proceedings, Vol. 42, 1941, page 217) raised considerable

question whether the electromagnetic type strain gage equipment had a frequency

response high enough to give satisfactory accuracy of measurement. It was known that

Dr. .\. V. De Forest at the Massachusetts Institute of Technology had developed equip-
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Fig. 1.—The Rail at the Location of the Gages.

ment for measuring strains in gun barrels which was capable of accurately measuring

strain frequencies of as high as 50,000 cycles per second. Accordingly, Dr. De Forest

was contacted with a view of making test measurements with the high frequency equip-

ment, and he very kindly agreed to cooperate in the proposed tests. Arrangements were

made for the use of the equipment and necessary operators for a period of a few days

when both could be spared, the Association of American Railroads to pay a per diem

charge to cover equipment rental and the salaries and expenses of the operators. Ar-

rangements were also made with officers of the New York, New Haven & Hartford

Railroad for the operation of a test train over New Haven tracks near Boston..

The Test Location and Track

The tests were made near Boston, Mass., in August 1942. After careful consideration

of track requirements and possible interference with and from traffic, a location for the

tests was selected on the westbound track of the New Haven between Endicott and

Islington, Mass., on the Midland division, the alinement was tangent at the test location

and for nearly one mile to the east. The rail was 100-lb. New Haven section rolled in

1899; the head had been worn about 3/16 in. and in such a manner as to give bearing

contact for most wheels at or near the center of the rail head. The moment of intertia

for the worn rail may be considered as 43.0 and the section modulus for the base as

IS.O. The tie plates were 71/2 by lOH in- on good ties of 6 in. by 8 in. by 8 ft. size,

with an average spacing of 20 in. center to center. There was six inches of cinder ballast

beneath the ties and gravel ballast below the cinders. The test site was in a slight cut.

The line and surface were in from fair to good condition. The modulus of elasticity of

the track support was not measured, but was judged to be from 1,500 to 2.000 lb. per in.'.
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Fig. 2.—Electrical Contacts and Bitaker Arm on the Car to Start and Stop
the Recording Apparatus.
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The test train consisted of a locomotive (equipped with a speed indicator), tender

and two hopper cars. Stresses in the rail were measured only under the rear wheel of

the rear car which was loaded to 150,800 lb. total weight, giving an average weight of

18,900 Jb. per wheel. The rear axle of this car was equipped with rolled steel wheels

of 36-in. nominal diameter which had been newly turned to new contours with a diameter

of 33 in. On each wheel of the rear axle was ground a flat spot of 2J^-in. length at the

contact position between wheel and rail. The car was moved only two miles with the

flat spot before the first test run was made. A steel pointer was attached to the inner

rim of the wheel in line with the center of the fiat spot. As the wheel passed by the test

location, the pointer made an impression in modeling clay in a trough located near the

gage side of the rail. For each run the position of the fiat spot on the wheel could be

accurately located with respect to the stress gages on the rail.

Stress Measuring Equipment

The high frequency M.I.T. stress measuring equipment consisted of wire resistance

gages, amplifiers, cathode ray oscilloscopes, and a special revolving drum camera for

photographing the records. Three gage records could be obtained simultaneously. A
more detailed description of the apparatus and method of measurement follows:

De Forest-Southwark SR4-C1 wire resistance gages of 1-1/16 in. effective measuring

length were cemented to the rail. Each stress gage was in a Wheatstone bridge circuit;

a similar gage in the other leg of the bridge was attached to an unstressed block, of steel

and placed on the end of the tie to minimize the effect of temperature changes. A change

Fig. 3(a).—Reproduction of a Frame from the Motion
Picture Film, Showing How the Position of the Flat Spot
Relative to the Gage Location Was Checked.

in the strain in the rail produced an accompanying change in the length of the wire gage,

resulting in a change in its electrical resistance. This produced a change in potential

which was amplified to produce a potential high enough to deflect the electron beam

in the oscilloscope tube. Since the electron beam appeared as a spot of light on the face

of the cathode ray tube with deflection in only one direction, it was necessary to move
the film to photograph the changing position of the light spot in order to obtain a record

of the stress changes. To obtain a sufficiently high film speed to show the very fast

stress changes, a special camera was used in which 35-mm. film was held on a drum

revolving at high speed. The drum was IS-in. in circumference and, for a given test run,

was revolved at a constant speed such that 30 in. of wheel travel would be recorded on
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Fig. 3(b). -Spotting the Wheel To Bring the Flat Spot into Position

with the Gage Location.

about ^ of the length of the IS-in. film. The light spot was deflected out of the range

of the camera except during this 30-in. of wheel travel for which time it was returned

to the field of the camera by electrical contacts placed along the track operated by a

breaker arm attached to the car. A caHbration record was also automatically photo-

graphed on the film just preceding each test recording.

As previously stated, three gage records were photographed simultaneously, appearing

as three separate Hnes running lengthwise of the fiJm. A portion of a typical record

taken at the time of the "flat spot" impact is shown in Fig. 6.

Location of Stress Gages

For the first series of test runs, the three gages, spaced two inches apart, were located

longitudinally along the middle of the base of the north rail, midway in a tie space.

On most of the runs the flat spot struck near the middle gage.

For the second series of test runs, the middle gage described above was not changed,

but the other two gages were relocated directly above it and in a vertical position on

the inner and outer web faces of the rail. The centers of the vertical web gages were

located 3J^ in. above the base of the rail, about as high up on the rail web as they

could be attached. For each series of tests, two test runs were made at each of the fol-

lowing speeds: 5, 10, 15, 20, 25, 30, 40, 50 and 60 m.p.h. Before starting each run the

car wheel was spotted so the mid-Jength of the flat spot was about one inch ahead of

the center Une of the gages, the striking corner of the spot thus being almost directly
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Run 17, 40mph.
Colibration for ~

Gage I.

6850 lb, per sq In.

EASTMAN

Fig. 6.—Reproduction of Portion of a Film Record with Three Stress Gages on
the Base of Rail—2^-in. Flat Spot on 33-in. Wheel.

opposite or striking corner. The wheel path so determined is shown in Fig. S. Analytical

studies of the impact effects should be based upon this path of the center of mass of

the wheel rather than upon the actual profile of the flat spot. At very slow speeds, the

wheel center of mass would follow this path. At higher speeds, the path would be influ-

enced by the inertia of the wheel and rail, the characteristics of the car springs, and the

elasticity and inertia of the track structure, as will be discussed later.

Results of Tests

In Fig. 6 is reproduced a portion of the film record for Run 17 with a train speed

of 40 m.p.h. Only that portion of the record from 3 in. before to S in. after the center of

the flat spot strikes the rail is reproduced. The scale of wheel travel in inches is drawn

at the top of the record. In locating this scale with reference to when the flat spot hits

the rail, it has been assumed that the instant the striking end of the flat spot hits the

rail corresponds with the beginning of the sharp rise in stress. This assumption seems

justified because in the higher speed tests, the stress record shows a decreasing stress for a

distance corresponding nearly to the 2J/2-in. length of flat spot. The three strain records

shown are from gages 1, 2, and 3, spaced 2 in. apart longitudinally along the middle of

the base of rail in the direction of travel. On this run the striking end of the flat spot

struck directly over gage 3. The lines of zero strain on the record lie beyond that portion

of the record which is reproduced, so for illustration they have been drawn on the

record directly under the strain lines to show the magnitude of the change in strain in

the rail base as the wheel with the flat spot passes over the gages. In the lower right

hand corner of the record, the caHbration offset for gage 1 has been transferred from

another position on the record. The vertical offset is equivalent to a stress of 8,850 lb.

per sq. in. The vertical distance between the zero strain line and the strain line can be

measured at any desired position along the wheel travel and the stress determined by pro-

portioning the distance to the height of the calibration. Calibration constants vary

slightly for the three gages. The strain lines on the original films are distinct and sharp.

As far as is known, this is one of the first attempts to measure impact effects from a flat

spot where the strain equipment is capable of measuring very high frequencies and

where the strain records are spaced so that a study of the stress change can be made

over verv short intervals of time.
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Fig. 7.—Stress in the Base of the Rail as the 33-in. Wheel with a 2^-in.

Flat Spot Moves Past the Gage.
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In studying the test data the strains were measured on some of the records at

intervals from a point 10 in. in advance of the gage location to a position IS in. beyond

the gage. On other records measurements were taken only of the minimum value (while

the wheel was falling) and the maximum value (due to the flat spot impact). The

stresses thus obtained from individual gage records as the wheel passed over the gage
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-10 -5 +5 *I0 -t-IS

Distance along Rail in Inches -t. of 2!^ in. Flat Spot Down at Oin.

Fig. 8.—Stress in the Base of the Rail as the 33-in. Wheel with a

lYz-m. Flat Spot Moves Past the Gage.

are shown in Figs. 7 and 8 for 10 of the runs. These records were selected to cover the

range of train speeds used in the tests and are typical of the test results.

At the top of Fig. 7 is plotted the stress as the wheel with the flat spot passed over

the gage at 30 m.p.h., but with the flat spot turned so that it struck the rail 4 ft. 4 in.

away from the gage; therefore, practically no effect of the flat spot is recorded. Also

plotted on this line is the calculated static stress for the wheel load of 18,900 lb. (taking
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14,300 lb. per sq. in. within an interval of 1 in. of wheel travel, or a time interval of

1/176 sec. Directly following the maximum stress there is a relief of pressure (probably

caused by a recoil of the wheel on the rail) , after which a second peak occurs when

the wheel has moved about three inches beyond the position producing the maximum

value.

In the lower part of Fig. 7 and in Fig. .8 are shown records of the stress produced

with the flat spot falling near the gage and the wheel traveling at speeds of 15, 20, 25,

30, 40, 50 and 60 m.p.h. It will be noted that as the wheel is falling into the flat spot,

the rail stress decreases and the amount of decrease becomes greater as the speed in-

creases, the minimum stress falling to near zero at speeds of SO and 60 m.p.h. At all

speeds, as the impact effect of the flat spot reaches the rail base, the stress rises rapidly

to a maximum value. This rise takes place while the wheel is traveling from J^ in. to

1 in. A J/2-in. wheel travel at 60 m.p.h. occurs in 1/2112 sec. The stress rises abruptly

to a maximum value of from 14,500 to 16,000 lb. per sq. in. for all test speeds from

10 to 60 m.p.h. when the striking end of the flat spot hits almost directly over the gage.

The records taken at speeds of 10, IS, 20, 25, and 30 m.p.h. show secondary impact

effects spaced at intervals of wheel travel of 3 in. or 1/59 sec, 4 in. or 1/66 sec, 5 in.

or 1/70 sec, 6 in. or 1/73 sec, and 7 in. or 1/75 sec, respectively, after the maximum

io,ooo

^ $ ISfiOO

5 ^ 10,000

|i

5,000
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to 60 m.p.h. are grouped together because a similar study for runs at the individual

speeds showed closely equivalent amounts of stress and similar stress distribution.

Maximum stress values obtained in the base of rail in all tests in which the flat

spot striking position was within the above stated range were plotted in Fig. 10 with

respect to the train speed. It will be observed that he maximum measured stress values

lie within a very narrow range and show clearly that the impact effect increases rapidly

with an increase in speed up to 10 m.p.h. Beyond this speed and up to 60 m.p.h. the

impact effect does not appear to be significantly different.

As stated previously, for the second series of test runs one gage was placed lon-

gitudinally at the middle of the base of the rail and the other gages were located directly

above it and in a vertical position on the inner and outer web faces of the rail, the

center lines of the web gages being 3J/2 in. above the base of rail. In Fig. 11 are plotted

*20,000

.-i: -15.000

-20,000
-10 -5 *5 *I0 +15

Distance along Rail in Inches -t. of 2^ in. Flat Spot at O in.

Fig. 11.—Simultaneous Stresses in the Base and in the Inner and
Outer Web Faces of a 100-lb. N.H. Rail as a 33-in. Wheel with a 2^-in.

Flat Spot Moves Past the Gages.

the simultaneous stresses at these three gages (located at one cross section on the rail)

as the 33-in. wheel with the 2J/2-in. flat spot moved past the gages. In this test run at

40 m.p.h. the center of the flat spot was down at a point 7/8 in. ahead of the gages

and the striking end of the flat spot thus made contact 3/8 in. beyond the gages. There

seems to be but a minor change in vertical web stress as the wheel is falling compared

to the stress in the rail base. As the flat spot strikes the rail, the stresses in the three

gages start to rise abruptly at the same instant.

The stress rise is faster in the web gages than in the base gage, a phenomenon which

is probably explained by the fact that the web gages are closer to the striking force.

The vertical stress at the outer web face rises from 5,000 to 16,600 lb. per sq. in. in

0.3 in. of wheel travel, which at the speed of 40 m.p.h. corresponds to 1/2350 sec. There

are minor peaks in the web records just after the flat spot has struck the rail. This
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record is very clear and assures a degree of accuracy which makes it possible to deter-

mine the relative longitudinal position of the simultaneous effects on the three strain

records to within 0.1 in. of wheel travel. As would be expected, the major part of the

vertical web stress is relieved within about 5 in. ahead and behind the wheel, because

the length of the rail section resisting the direct load is considerably shorter than the

length of the section resisting bending moment. (See Proceedings, Vol. 42, 1941, page 758,

and Bulletin 432, page 23).

For the test runs from 10 to 60 m.p.h., the maximum vertical web stress in the

outer face caused by the flat spot ranges from 9,300 to 17,500 lb. per sq. in. com-

pression and averages 13,600 lb. f)er sq. in.; corresponding values of compressive stress

at the inner web face range from to 11,200 and average 5,000 lb. per sq. in. As would

be expected, the web stresses vary considerably from run to run due to small differences

in the position of the centroid of the wheel bearing across the rail head and to differ-

ences in lateral loads. However, for all the test runs the centroid of bearing pressure

was reasonably near the center of the rail head and the lateral force was small or the

strain in one web face would have been in tension accompanied by a corresponding

rise in compressive strain in the opposite web face. The percentage increase in vertical

web stress due to the flat spot impact seemed to be somewhat less than the corresponding

increase in longitudinal bending stress in the base of the rail.

After some forty test runs of series 1 and 2 were completed with the flat spot

striking close to the same position on the rail head, observations were made of the

surface of the rail head to determine whether any local detrusion of the steel had

resulted from the applied blows. A straight edge was laid along the rail running surface

to aid in this observation, but no detrusion of the rail surface was observed.

The Theory

Several analytical studies of the impact effects of flat spots on wheels or of low

spots in the track have been made. Particular mention is made of the following:

Vibration Problems in Engineering by S. Timoshenko.

Stresses in Railroad Track by S. Timoshenko and B. F. Langer, Applied Mechanics

Section of ASME Transactions, December 15, 1932 (Vol. 54, No. 23)

The Vertical Path of a Wheel Moving Along a Railway Track by Prof. Charles E.

Inglis, Journal of Institution of Civil Engineers (England), March 1939, page 272.

Seventh Progress Report, Special Committee on Stresses in Railroad Track, AREA
Proceedings, Vol. 42, 1941, page 217.

The Effect on Wheel Loads of Irregularities of Wheel and Track by H. R. Thomas
and N. H. Roy, AREA Proceedings, Vol. 39, 1938, page 843.

Maintenance of Way and Structures by William C. Willard.

Dr. S. Timoshenko's book on Vibration Problems in Engineering, page 107, gives

an analysis of the Effect of Low Spots on Deflections of Rails which is equally ap-

plicable to a flat spot on a wheel. The analysis is based upon a low spot having a profile

conforming to the following equation:

,= |(.-cosi-)

in which v is the depth of the low spot at any distance x from its beginning, X is its

maximum depth and I is its length. This equation fits the derived path of the wheel
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center rolling over the flat spot (Fig. 5) almost perfectly for a depth >* of 0.036 in. and

a length / of 2^ in. The additional deflection y of the rail due to the impact from the

low spot is then given by the following equation.

y = -—I cos — cos I

in which

y r= additional rail deflection due to low spot

Ti rz: time it takes wheel to cross low spot
T = period of free vibration of wheel on rail

tx= elapsed time from beginning of low spot

This formula neglects the inertia of the rail and track structure, and it is stated that

the solution will give satisfactory results if n is greater than 0.03 sec. For 2^ in. length

of flat spot Ti equals 0.03 sec. at a train speed of 5 m.p.h. and at all higher speeds

Ti would be less than 0.03 sec.

For this particular test the formula may be applied as follows:

Unsprung weight per wheel =: 1,500 lb.

Wheel load required to produce a track deflection of

1 in. {u — ISOO) = 135,000 lb.

T— m ,/ \:^ = 0.034 sec.

^V-135,000 X 387

At 5 m.p.h., n = ^-^^— = 0.031 sec.

17.6X5

For this ratio of — , the maximum value of y as obtained from the formula is l.lX,
T

which would indicate that the additional deflection of the rail due to the flat spot impact

would be 0.40 in., and according to the assumed modulus of track support the additional

force produced on the rail by impact would be 0.04 in. X 135,000 lb. per inch, or

5,400 lb., which would be expected to increase the rail stress by 5,400-^18,900, or 28

percent. Actually, the measured increase in stress was about 12 percent at 5 m.p.h.

At the higher speeds, it is evident from the shape of the stress records that the

elasticity and inertia of the track structure are exerting a large influence on the impact

stress pattern. It seems that revision of the foregoing formula will be required before it

will become possible to express with reasonable accuracy impact stresses resulting from

various conditions of flat spots through a range of speeds that may be encountered in

service and for the different types and conditions of track structure that exist in this

country. No attempt is made here to develop this analytical theory. It is to be hoped

that further field stress measurements will warrant a revision of the analysis that will

afford a more accurate prediction of the impact effects.

Conclusions

This exploratory investigation has yielded very worthwhile information. It may be

concluded that:

1. The maximum frequency of stress components is approximately 1,000 cycles per

second and the AAR carbon strip gage equipment using direct current amplifiers and

magnetic galvanometers should record measurements of impact stresses with reasonable

accuracy.
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2. The impact effects as indicated by longitudinal bending stress in the base of rail

for a flat spot 2J^ in. long on a heavily loaded 33 -in. diameter wheel are approximately

double the stress in the rail for a round wheel, but the maximum resulting stress is well

within the capacity of the rail. The impact stress increases with speed up to 10 m.p.h.,

and beyond this speed up to 6 m.p.h. remains at practically the same magnitude.

3. The effect of the flat wheel in increasing the vertical web stresses seems to be

somewhat less than the corresponding increase in longitudinal bending stresses in the

base of the rail. Recorded stresses in both web faces were compressive because the bearing

of the wheel on the rail head was nearly central and the lateral forces were small.

4. The accumulative effect of the lYz-'in. flat spot striking the rail head at very

nearly the same location on some forty test runs did not cause any observed detrusion

in the rail head.

5. Although this report is a study of the impact effects on the rail caused by a flat

spot on a car wheel striking the rail, it might reasonably be assumed that somewhat

comparable impact effects are produced in the wheel.
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Fatigue Testing Machine at the University of Illinois.

The load on the specimen can be made to vary from 200,000-lb. tension to 200,000-lb. compression
during a cycle. The machine operates at a speed of from 120 to 200 r.p.m.. defjending upon the load.
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Foreword

Upon the recommendation of Committee IS—Iron and Steel Structures, the Asso-

ciation of American Railroads has participated for the last three years in a cooperative

investigation of the fatigue strength of structural weJds, contributing $15,000 to the end

of 1943. While this investigation was initiated by other interests concerned with the weld-

ing of structural steel, participation by the railroads in this project was urged by mem-
bers of Committee IS on the ground that the art of fusion welding cannot be applied

extensively in the fabrication of structures, such as railway bridges that are subject to

repetitions of fluctuating loads, until more is known concerning the fatigue strength

of welds.

This investigation is being carried on in the Arthur Newell Talbot Laboratory of

the University of Illinois under the direction of Professor Wilbur M. Wilson and is

under the general supervision of the Committee on Fatigue Testing (Structural) of the

Welding Research Council of Engineering Foundation, of which Jonathan Jones is

chairman. The Committee on Iron and Steel Structures is represented on this advisory

committee by nine members. Committee 15 also enjoys an intimate contact with this in-

vestigation by reason of the fact that Professor Wilson has long been an active and

useful member of that committee, and it was this contact which led him to undertake

a special consideration of fatigue values as apphed to particular features of railway

bridges based on his knowledge of bridge design and an interpretation of the fatigue tests

that have already been made at the University.

J. E. Bernhardt, Chairman,

Committee on Iron and Steel Structure^.

Introduction

A letter was sent to those members of Committee IS who are bridge engineers of

railroads, asking for blueprints showing the way in which steel bridges have been

strengthened or repaired by welding. A large number of replies were received, an indica-

tion that the subject is one of considerable interest. A number of bridge engineers asked

for comments relative to the merits of the methods which they had used. Although it

would be presumptious to pose as an authority on this subject, it would be an evasion

of an obligation not to respond to this request by presenting a tentative interpretation

of the results of the fatigue tests that have already been made at the University of

Illinois. It is this feeling of obligation that has lead to the following discussion of fatigue

failure in its relation to the strengthening and repairing of steel bridges

The discussion is divided into four sections. Section I is a presentation of one con-

ception of the phenomenon known as fatigue failure; Section II consists of statements

of a fundamental character that seem to be established by tests; Section III is a dis-
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cussion relative to the members of a steel bridge that are most likely to fail in fatigue;

and Section IV consists of comments relative to the details that have been used in

strengthening and repairing bridges as shown on the blueprints submitted by members

of Committee IS.

If the preliminary discussions in Sections I, II and III seem long compared with

the comments in Section IV, it is because a full understanding of the basis for the

comments is believed to be more important than the comments themselves.

I. Character of Fatigue Failure

It is well known that a piece of steel will break after a large number of repetitions

of an average stress very much less than its static strength. Contrary to the popular

opinion, this is not due to a change in the inherent properties of the material brought

about by the large number of repetitions of the stress. Rather, it is due to the growth of

some minute crack originating at a point of high stress concentration. Experimentation and

analysis have established that, for a tension bar with a hole in it, the stress at the edge

of the hole is much greater than the average stress over a transverse section through

the hole. The same effect is produced by any geometrical irregularity—hole, notch,

surface scratch, change in section, void or inclusion. Any influence that causes a con-

centration of stress at any point is known as a "stress raiser". ("Strain raiser" would

have been a more accurate designation). The character of the "strain raiser" (this term

will be used in this discussion) determines the ratio of the maximum strain at a point

to the average strain on a transverse section through the point. This ratio is called the

"strain-raising factor". The magnitude of the strain-raising factor varies from a few

percent for a streamlined change in section to a value several times unity for an abrupt

change in section, notch, internal flaw or inclusion.

Consider a flat tension bar of ASTM, A 7 steel with a round hole in the middle.

The magnitude of the strain raiser will depend upon the ratio of the hole diameter to

the bar width. For the purpose of illustration, a value of 3 will be used. If an axial

force produces an average strain over the section of 0.0001, then the strain at the edge

of the hole, according to the above assumptions, will be 0.0003. The corresponding

stresses will be 30,000,000 X strain, or 3,000 and 9,000 lb. per sq. in., average and

maximum, respectively. If, however, the average strain is 0.0008, then the strain at the

edge of the hole will be 0.0024 but the stress at the edge of the hole will not exceed the

yield point as strains of the order of 0.01 to 0.02 can be produced without increasing the

stress appreciably above the yield point. One application of a yield-point load will not

break a piece of steel. Many applications may.

The destructive effect of many applications of a load below the static ultimate de-

pends upon the change in the physical properties of the steel resulting from a stress

beyond the yield point. If a piece of A 7 steel which has been loaded beyond the yield

point and then unloaded, is again loaded, the new yield point will exceed slightly the

previous maximum load. If the process is repeated, each load being brought just to the

new yield point, the yield point will increase and eventually equal the original static

ultimate but the ultimate will not have been greatly increased by the process.

Consider again the bar with a hole having a strain raising factor of 3. The yield

point and ultimate strength of the steel will be assumed to be 33,000 and 63,000 lb.

per sq. in., respectively. Suppose that the specimen is tested in fatigue on a cycle in

which the load varies from zero to an axial tension that will produce an average strain

over a transverse section of 0.0008. The strain at the edge of the hole will be 0.0024,
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a strain which, if elastic, would correspond to a stress of 72,000 lb. per sq. in. Because

the yield point cannot be exceeded by so small a strain, the maximum stress during

the first cycle will not exceed the yield point of 33,000 lb. per sq. in. But, because the

strain at the point of maximum strain concentration is so great, 0.0024, the yield point

will increase shghtly for each successive cycle until it equals the ultimate and a stress

equal to the static ultimate will be produced on a highly localized area. The resulting

micro-fracture is also a strain raiser of a high order that will cause the fracture to grow

under repeated loading until it has covered so much of the whole transverse section that

the bar will break statically.

It has been suggested by Professor H. F. Moore* that the phenomenon usually

designated as a "fatigue" failure might better be designated as a "progressive" failure.

II. Factors That Affect Fatigue Failure

There are three factors that have a major influence upon the ratio of the fatigue

to the static strength of a structural member:

1. The magnitude of the strain-raising factors.

2. The ratio of the minimum to the maximum stress in the cycle.

3. The number of cycles to which the member is subjected during its life.

Strain-Raising Factors

The influence of the strain-raising factor upon the fatigue strength is apparent from

the discussion in Section I. Tentative conclusions based upon a considerable number of

tests may be stated as follows:

1. For a given ratio of minimum to maximum stress in the cycle and for a given

number of cycles for failure, the fatigue strength decreases with an increase in the

strain-raising factor.

2. The holes in the plates and shapes of riveted joints and the change in section

at the edge of the reinforcement of butt-weld joints in plates may be considered as

fairly bad strain raisers. Lack of fusion, non-streamlined contours of reinforcement,

undercutting and slag inclusions increase the magnitude of the strain-raising factor for

butt welds.

3. Grinding or machining the reinforcement from a butt weld connecting ASTM,

A 7 steel plates will increase the fatigue strength of the joint if the weld is good but may

reduce the fatigue strength of the joint if the weld is poor.

4. The fatigue strength of identical riveted connections does not necessarily increase

with the static strength of the material from which they are made. For example, the

fatigue strength (zero to tension, failure at 2,000,000 cycles) was very nearly the same

for identical riveted jointst of carbon, silicon and nickel steels having static strengths

of 64,000, 80,000 and 99,000 lb. per sq. in., respectively.

5. Fillet welds connecting plates or connecting plates to rolled shapes are very bad

strain raisers. This statement applies to both transverse and longitudinal fillets.

6. Connections which do not directly attach the full section of a rolled shape, like

a connection of a channel to a plate through the web or a connection of an angle to a

plate through one leg, have a very low fatigue strength. This statement applies to both

riveted and welded connections.

* Research professor of engineering materials, University of Illinois

t University of Illinois, Engineering Experiment Station, Bulletin 3Station, Bulletin 302, p. 103.
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7. The fatigue strength (zero to tension, failure at 2,000,000 cycles) is approximately

the same for double-strap riveted joints and for good welded butt joints in ASTM A 7

steel plates when both are based upon the gross section of the plate.

The fatigue strength is usually designated as the maximum stress in the stress

cycle that will produce failure after a certain stated number of repetitions of the cycle.

Although the maximum stress in the stress cycle has a predominating influence, the

fatigue strength also depends upon the minimum stress in the cycle. The stress cycles

most usually considered in discussions of fatigue strength are tension to an equal com-

pression, zero to tension and tension to tension one-half as great. The corresponding

ratios of minimum to maximum stress are — 1.0, and + /4- [Tension is considered

(-I-) and compression (—).] Any ratio less than -f 1.0 is conceivably possible. Although

there are a few members of some types of bridges in which the stress varies from

tension to a compression, the majority of bridge members are subjected to a pulsating

stress, a cycle in which the maximum and minimum stresses are of the same sign. For

most bridge members the numerically smallest stresses are due to dead load and the

numerically largest stresses are due to dead load -j- live load -f impact. For both riveted

and welded butt joints, the fatigue strength corresponding to failure at 2,000,000 cycles

is approximately 2/3 as great for a cycle in which the stress varies from tension to an

equal compression as it is for a cycle in which the stress varies from zero to a maximum

tension; the fatigue strength is fully two times as great for a cycle in which the stress

varies from tension to tension one-half as great as it is for a cycle in which the stress is

completely reversed.

A member can be made to fail in fatigue by subjecting it to a cycle in which the

stress causing failure varies from zero to a maximum compression but the stress required

to cause failure is so great, numerically, that the possibility of such a failure does not

usually affect the design of a bridge member.

Number of Cycles for Failure

The fatigue strength of a member subjected to repetitions of a given cycle depends

upon the number of cycles the member is to withstand during its life. Rapidly rotating

shafts of machines may be subjected to billions of cycles. Members of bridges are subjected

to a much smaller number.

In designing a bridge to withstand static loads, the maximum possible stress due to

the specified design load is considered. There are relatively few passages of trains that

produce this maximum possible stress used in the design. The relation to the total is

unknown and can only be surmised. Most of the truss members of a bridge are subjected

to but one complete stress cycle for each passage of a train or fleet of trucks. The excep-

tions are hip verticals, floorbeams and stringers, which may be subjected to a cycle

during the passage of a single axle, a group of closely spaced axles, or by the passage

of a single truck. Tests at the University of Illinois were planned to give the fatigue

strength corresponding to failure at 100,000 and 2,000,000 cycles. The former value is

assumed to apply to members subjected to only one complete cycle during the passage

of a train or fleet of trucks; the latter is assumed to apply to members subjected to a

cycle during the passage of an axle, a small group of axles, or by a single truck. The

former would apply to chord members of simple trusses, the latter to hip-verticals,

stringers and floorbeams.

The ratio of the fatigue strength for failure at 100,000 and at 2,000,000 cycles

depends upon the character of the strain raiser and upon the physical properties of the

material. In general, the ratio is approximately 1.5 for riveted and butt-welded joints in

carbon steel plates.
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III. Bridge Members Most Likely to Fail in Fatigue

As explained in Section II, the factors that have the greatest effect upon the fatigue

strength of structural members are:

1. Magnitude of the strain-raising factors.

2. Ratio of the minimum to the maximum stress in the cycle.

3. Number of cycles to which the member is subjected during its life.

There would seem to have been no general criteria established by which the various

members of a bridge can be divided into groups according to their liabihty to fatigue

failure because of the magnitude of the strain-raising factors. All that can be said at

this time is that all members subjected to reversed loads or to pulsating loads with

small ratio of minimum to maximum, should be so fabricated that there will be no

unnecessarily bad strain raisers. Some strain raisers that are particularly bad have been

enumerated in Section II. The fact should be borne in mind that any abrupt change

in section, reentrant cut, hole, groove, cavity, crack or inclusion, is a bad strain raiser.

The ratio of the minimum to the maximum stress in the stress cycle is a criterion

by which the members of a bridge can be separated into groups according to their

liability to fatigue failure. The following types of members are listed in an ascending

order of liabihty to fatigue failure based upon the ratio of minimum to maximum stress.

1. Members for Which the Dead and Live-Load Stresses Are Both Compression.—
Examples are top chords and end posts of simple trusses. Danger of fatigue failure of

these members is zero.

2. Members for Which the Dead and Live-Load Stresses Are Both Tension and

The Dead-Load Stress is SO percent or More of the Total.—Diagonal web members near

the ends of long Pratt trusses and the bottom chords of all long simple trusses belong

in this class. The danger of fatigue failure is practically zero even for overloaded bridges.

3. Members for Which the Dead-Load and Live-Load Stresses Are Both Tension

and the Dead-Load Stress Is Very Small Relative to the Live-Load Stress.—Members of

this type include counters and hip-verticals of trusses, and such flexural members as

stringers, floorbeams and short deck plate girders. The danger of fatigue failure of

counters and deck plate girders, members subjected to only one cycle of stress for each

passage of a train, is practically zero because of the small number of cycles of stress to

which they are subjected. There is a little danger of fatigue failure of hip-verticals,

stringers and floorbeams because of the large number of stress cycles, particularly if

there are bad strain raisers or some overload. The hip-verticals of bridges are probably

more susceptible to fatigue failure than any other member.

Specifications governing the design of bridges do not make any provision for fatigue

in the design of the members listed above, all of which are subjected to pulsating as

distinguished from reversed stresses. And no provision would seem to be neeeded except

for bridges carrying a large amount of traffic considerably heavier than that for which

they were designed. Any real danger from fatigue will derive from overload of the

original design or the use of details with large strain-raising factors in either the original

design or in members strengthened to carry an overload. Relative to the latter, it is

possible to increase the section of a member in such a way as to decrease its fatigue

strength.

Specifications require the use of reduced stresses in designing members subjected

to a reversal of stress. These requirements are so drastic that there would be prac-

tically no danger of a fatigue failure in a member subjected to only one cycle of stress

from the passage of a train or fleet of trucks,, even though the bridge carried traffic
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somewhat heavier than that for which it was designed. Members subjected to a

reversal of stress during the passage of an axle, a small group of axles or a single truck

are practically non-existent.

The above discussion would seem to lead to the conclusion that, for bridges designed

under the AREA Specifications for Steel Railway Bridges, the only members that are

at all likely to fail in fatigue are those which comply with both of the following condi-

tions: (1) The dead-load stress is small relative to the total and (2) there is a cycle of

stress during the passage of an axle, a small group of axles or a single truck. The mem-
bers meeting these two conditions are the hip-verticals, stringers and floorbeams. How-
ever, these members are not Ukely to fail in fatigue unless they have bad strain-raising

details or unless they carry traffic considerably heavier than that for which they were

designed. Under these latter conditions, fatigue cracks may lead to a final static failure.

IV. Comments Relative to Details That Have Been Used
in Strengthening and Repairing Bridges

The fatigue strength of various types of connections for structural members that

have been tested at the Universiy of Illinois, have been tabulated in order that they

may be available as basic data in evaluating the details used in strengthening and repair-

ing bridges which are shown on the blueprints submitted by members of Committee IS.

These values of fatigue strength, given in Table 1, are for a cycle in which the stress

varies from zero to tension. Two values are given, one based on failure at 100,000 cycles

and the other based on failure at 2,000,000. These are designated as Fjoo.ooo and

^2,000,000, respectively. Values are included in the table which were obtained from tests in

which the stress varied from tension to an equal compression, using the relation that has

been found to exist that the fatigue strength for failure at a given number of cycles is

approximately l.S times as great for a cycle, zero to tension, as it is for a cycle, tension

to an equal compression. Values thus determined are so indicated in the table.

Table 1.

—

Fatigue Strength of Various Types of Joints in ASTM A 7 Steel Plates

Stress Cycle: Zero to Tension.

Stresses are in pounds per square inch of gross section.

Type Kind of Joint Fioo.ooo /'"2,ooo,oou

1 Plate without joint, mill scale on 45,500^ 30,300
2 Continuous plate with drilled hole 24,600^ 16,400

3 Continuous plate with riveted transverse double-tee connection^ 24,500^ 17,600

4 Double-strap riveted joint 33,000^ 22,000

5 Butt weld, ^ Basic series 33,100^ 22,500
reinforcement on / Dependable values* 27,000 18,000

6 Fillet weld connection, best of several types 20,600 14,000°

7 Continuous plate with transverse fillet weld on one side^ 38,100 28,400
8 Continuous plate with transverse fillet weld on both sides^ .... 34,400 19,700
9 Channel box section, webs of ^ Fillet-weld connection 20,400 13,600"

channels connected to gusset plates
I
Riveted connection 20,000 13,300^

10 lYz" X 2" X Ya" Angle connected
|
Riveted connection 18,000 10,000

to gusset plate through < Welded connection,

lYz" leg only { fillet welds 19,100 10,000
11 3"—4.1-lb. Channel [ Butt-weld centric connection to web

connected to < and flanges 23,700 11,000
gusset plate ' Fillet-weld connection to web only 19,000 9,900

1 Tests determined F^,^^, F^^,^ taken as 1.5 X -fa.ooo.ooo-

2 Tests determined l^ioo.ooo- •^'2,000,000 taken as 2/3 Fjoo.ooo-
^ Tests made on cycle, tension to equal compression. Values given for cycle, zero to tension, are 1.5

times as great as those obtained for reversal.
* Report No. 3 of Committee on Fatigue Testing (Structural), Welding Research Council of the

Engineering Foundation.
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It has also been found that values of the fatigue strength (zero to tension) of

double-strap riveted joints and butt welds are approximately 1.5 times as great for

failure at 100,000 cycles as they are for failure at 2,000,000 cycles. Values of the fatigue

strength derived from tests for failure at one number of cycles have been converted

into values for failure at the other number of cycles, using this relationship. Values in

the table obtained in this manner are so indicated. The values of the fatigue strength

of fillet-weld connections given in the table are particularly unsatisfactory, partly be-

cause of the small number of tests available and partly because the influence of the

number of cycles for failure upon the fatigue strength of fillet welds has not been

determined. In spite of these shortcomings, the data in the table are believed to be as

dependable as any that is available. In most instances, each value represents the average

of three tests.

The fatigue strengths given in Table 1 have been used in evaluating the details

shown on the prints furnished by members of Committee IS and it appears that such

details are, in general, fairly satisfactory from the standpoint of fatigue strength. This is

due: (1) To the fact that very few of the members repaired were subjected to the con-

ditions most likely to cause fatigue failure, (2) to the fact that the specifications govern-

ing fatigue are very conservative, and (3) to the fact that welded connections, properly

designed and fabricated, compare favorably in fatigue strength with the riveted con-

nections that have been used satisfactorily for so many years. However, some of the

details illustrated on the plans submitted should be given special attention, as follows:

1. Hip-Vertical Reinforced With Plates Attached With Slot and Fillet Welds.—The

hip-vertical was attached to the top chord at panel point Ui with pin plates. The rein-

forcement consisted of plates outside of the old pin plates and extending below them.

The inference from this is that the old members were breaking through the rivet holes

near the bottom of the pin plate. The lower end of each reinforcing plate was attached

to the outstanding legs of the angles of the main member with transverse fillet welds,

strain raisers probably worse than Type 6 (Table 1), and the condition is made worse

by the fact that the reinforcing plate is attached to only one leg of each angle of the

hip-vertical. The connection is really a combination of the bad features of both Type 6

and Type 9.

The hip-vertical is the one member of a simple truss most likely to fail in fatigue.

The member as usually fabricated contains bad strain raisers, the stress cycle is from near

zero to tension, and the number of cycles to which the member is subjected is as great

as for stringers and floorbeams. The fatigue strength of connections of Types 6 and 9,

for failure at 2,000,000 cycles and based on the gross section, is considerably less than

the stress based on net section allowed by the specifications. The reinforced member is

probably weaker in fatigue than the original member. While not wanting to predict

disaster, a fatigue failure of the angles at the lower end of the reinforcing plate would

not be surprising. It might come in S years or it might not come for IS or 20 years,

depending upon the density of heavy traffic.

Fatigue tests of specimens similar to this reinforced hip-vertical would be of value.

2. I-beam Stringer With Tension Flange Reinforced With a Partial-Length Cover'

Plate (attached with either longitudinal fillet welds alone or with longitudinal and

transverse fillet welds combined) .—Either arrangement would seem to partake of the

bad features of Types 6 and 9 of Table 1 in that it is a fillet-weld joint and the plate

is attached to only a part, the flange, of the beam. Moreover, both the ratio of minimum

to maximum stress in the stress cycle and the number of cycles during the life of the
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member are such that fatigue failure might occur. The conditions can be improved by

using a longer plate thereby bringing the bad strain raiser at a section of smaller

moment.

Tests of specimens representing various methods of reinforcing stringers would be

of interest. They could be extended to include riveted plate-and-angle stringers and deck

plate girders.

3. Rolled Beams With Spacers or Stiffeners Attached to the Tension Flange With

Transverse Fillet Welds.—The transverse fillet welds are strain raisers and the conditions

would seem to be quite similar to the conditions for Type 7 of Table 1. The tests reported

in the table, which were fairly extensive and quite consistent, indicate that the conditions

probably are not dangerous. However, fatigue data from one type of specimen cannot be

appUed to another type with confidence and tests of beams with members attached to

the tension flange with transverse fillet welds should be considered.

4. Double-Strap Butt Joints in Eye-Bars With Strap Plates Connected to Eye-Bar

With Fillet Welds.—The strain-raising conditions are similar to those for Type 6 con-

nections of Table 1 and the cycle is from zero to tension but the anticipated number

of cycles during the life of the member is considerably less than for stringers and hip

verticals. Nevertheless, it is a type of detail that has been used by several railroads and

should be investigated. Tests that have been made on related details indicate that the

fatigue strength is much greater for a good butt weld in a steel bar than it is for a

double-strap butt joint, especially if the reinforcement of the butt weld is ground flush

with the bar. There is an element of uncertainty in welding wrought iron bars.

Summary

The following facts should be borne in mind in strengthening and repairing bridge

members:

1. The liability of fatigue failure depends largely upon the magnitude of the strain-

raising factors. Abrupt changes in section, transverse fillet welds, plug and slot welds,

undercutting, lack of fusion, slag inclusions, poorly streamlined reinforcement of butt

welds, notches and rivet holes are bad strain raisers.

2. Stress cycles for which the stress varies from near zero to tension or from tension

to a compression, are the two most likely to produce fatigue failure. Members subjected

to a large number of stress cycles during the Hfe of the number (stringers, floorbeams

and hip-verticals) are more liable to fatigue failure than members subjected to a small

number of cycles (chords and diagonal web members of simple trusses).

3. The AREA Specifications for the Design of Steel Railway Bridges make ample

provision for fatigue. In fact, they appear to be somewhat conservative as applied to

members subjected to a small number of cycles. The only conditions that are likely to

cause a fatigue failure would seem to be: (1) Unusually bad strain raisers. (2) Consid-

erable traffic heavier than the traffic for which the bridge was designed.

The following bulletins on the fatigue strength of structural members have been

published by the Engineering Experiment Station of the University of Illinois, Urbana, 111.

Bulletins 327 and 344 contain the results of tests financed in part by the Association of

American Railroads.

No. 302 Fatigue Tests of Riveted Joints.

No, 310 Fatigue Tests of Butt Welds in Structural Steel Plates.

No. 317 Fatigue Tests of Connection Angles.

No. 327 Fatigue Tests of Welded Joints in Structural Steel Plates.

No. 344 Fatigue Tests of Commercial Butt Welds in Structural Steel Plates.



An Investigation of Electrolytic Corrosion of Steel in

Concrete—A Progress Report

Foreword

Electrolysis is generally considered a problem of the electrical engineer but it impinges

on the work of the structural engineer with such frequency that it becomes a matter of

definite concern to him. For this reason it is believed that the following report of an

investigation of electrolytic corrosion will be of interest to members of the Association.

The AREA has given little attention to electrolysis since the Committee on Elec-

tricity became the reporter for the Association regarding the work of the Electrical Sec-

tion of the Engineering Division, AAR. However, the Association at one time was

identified with and took a prominent part in an outstanding study of electrolysis, namely,

that carried on by the American Committee on Electrolysis which completed a report of

176 pages of text, tables and illustrations that was published in the Proceedings, Vol. 21,

1Q22. That this particular report is still considered an authoritative one is indicated by

the fact that the subject of electrolysis is disposed of in the Manual of the Electrical

Section by a brief reference to the volume and page of the Proceedings in which the

report was published.

This subject has been given continued attention by the railroads with considerable

electrified mileage since they are always confronted with difficulties of one kind or

another arising from manifestations of the highly active properties of stray currents.

However, the Committee on Electrolysis of the Electrical Section recently directed atten-

tion to a particular phase of the problem of electrolysis which seemed to demand prompt

consideration, namely, the corrosion of steel reinforcement and the disintegration of

reinforced concrete in the footings of catenary structures for railway electrification.

Failures of this type are by no means general but they are being encountered often

enough to justify a thorough-going study. Accordingly, as noted in the body of the

report which appears below, the AAR authorized an appropriation for a study of this

problem during 1943.

The work is being carried on under the general supervision of a special subcom-

mittee of the Committee on Electrolysis of the Electrical Section, the personnel of this

subcommittee consisting of the following:

A. E. Archambault, Assistant Engineer, New York Central Railroad, New York

City

R. Beeuwkes, Electrical Engineer, Chicago, Milwaukee, St. Paul & Pacific Rail-

road, Seattle, Wash.

J. M. Trissal, Electrical Engineer, Fixed Property, IlHnois Central System, Chicago

S. M. Viele, Assistant Engineer, Electrical Department, Pennsylvania Railroad,

Philadelphia, Pa.

The following progress report has been taken from the annual report of the Com-

mittee on Electrolysis to the Electrical Section of the Engineering Division.

Considerable progress has been made, with the cooperation of Mr. G. M. Magee,

research engineer of the Engineering Division and members of his staff, in the investiga-

tion of the electrolytic corrosion of steel in concrete. The work was started early during

the present year with the benefit of an appropriation of $2,000 granted by the Associa-

tion of American Railroads on the basis of a recommendation by the Committee of

Direction of the Electrical Section which was endorsed by the General Committee of the
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Engineering Division. A further appropriation of ?1,000 has been requested for use in

1944 in the periodic observation and study of a test installation which will be completed

during the current year.

Program
The first work undertaken in this electrolysis investigation was to prepare a

complete bibliography and abstract of available information on the subject. At the

subcommittee meeting held in Chicago in February 1943, this abstract was carefully

reviewed and it was decided that the research program should embrace four principal

parts, as follows:

(a) Establishment of a special test to determine resistance to ground, amount of

current flow, and corrosion of steel embedded in different thicknesses and kinds of

concrete under controlled conditions in the field;

(b) Study of a catenary pedestal at Collinwood, Ohio, on the New York Central

which in the past had shown an excessively large current flow;

(c) Test some abandoned catenary pedestals on the Ilhnois Central which could be

broken up to observe the amount of corrosion on the encased steel;

(d) Study of voltage and current flow through existing catenary pedestals on

various railways.

Special Field Tests of Steel Embedded in Concrete

It was decided to carry out the tests of steel embedded in concrete on the Illinois

Central at Chicago, which is a convenient location for the work. The basic specimen in

this test is a six-foot section of one-inch diameter steel rod placed in the center of a

concrete cyhnder. It is proposed to provide a number of these units and subject them

N

Concrete samples

Fig. 1.—Field Test of Elec-

trolytic Corrosion of Steel in

Concrete. ^J T ^
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to an electrical potential over a considerable period of time. Measurements will be made

periodically of the current flow and potential, and at the end of the test the steel rods

will be removed from the concrete and the corrosion loss determined. It is proposed to

determine the effect on electrical resistance and corrosion of the following factors: Depth

of concrete, metal encasement around the concrete, water-proofing of the concrete, use

of admixtures, alternating current, and amount of current flow.

The specifications for preparing the concrete samples appear on a following page

and Fig. 1 is a general location plan for the installation of the test building and the

specimens in the field.
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One problem was to determine what admixtures should be used. The Portland

Cement Association, which was consulted, first took the position that the use of addi-

tional cement would be more advantageous than the introduction of any admixture,

with the result that recommendation Item 4 was included in the specifications. How-

ever, the association did suggest several admixtures, and upon request agreed to prepare

20 six-inch concrete cubes for laboratory test. These cubes embraced two specimens

each of ten variations in the consist of the concrete, namely, eight of 1-3-5 concrete

with and without various admixtures and two others of 1-2-3 concrete with similar

variations.

It was proposed to make laboratory measurements of the resistance of these cubes

both dry and after being immersed in water for various periods of time, and consider-

able thought was given to the method of making such measurements, which comprised

the determination of the resistance between two opposite faces of each cube.

Two problems were encountered: First, how best to make the contacts; and second,

how to measure the resistance. After considerable experimentation it was found that

contacts could best be provided by spraying two opposite faces on each cube with

metallic copper. In measuring the resistance between the coppered faces it was found

that the concrete cubes had a tendency to act as storage batteries and to some extent

as condensers. The capacity and alternating current resistance was determined with a

General Radio impedance bridge and external oscillator at frequencies of 7 and 20

cycles per second. The direct current resistance was measured with a Weston 772 meter

and a manual reversing switch with slow and rapid reversals.

Three tabulations show the result of these measurements with the concrete cubes

dry, after being immersed in water for 16 hours, and after being immersed in water for

60 hours. In each of these three comparisons cubes made of concrete containing an

admixture known as Morene showed the highest relative resistance. The other admix-

tures used did not seem to increase the resistance appreciably relative to that of concrete

containing no admixture. Accordingly, for Item 6 in the specifications for preparing

samples one specimen each of 5 in. outside diameter and 13 in. outside diameter was

prepared of concrete containing one each of the following three admixtures: Morene,

celite, and hydrated lime.

The present status of this test is that the steel rods have been pickled and weighed,

all of the specimens have been made and are now ready to be installed in the field. It is

expected that the test house will be erected and the specimens placed in the ground and

the necessary wiring provided within the next two or three weeks.

Catenary Footing at Collinwood

When the Cleveland Terminal was first electrified it was found that there was an

occasional current flow of as much as 150 amp. between catenary supporting structure

E-183 and the ground. Considerable current flow also occurred at many other struc-

tures in the electrification, and to correct this situation they were disconnected from the

rail and a return feeder wire was installed.

Arrangements were made to excavate completely around the south pedestal of this

structure (E-183) except on the side next to the track, but prior to doing so this par-

ticular base was temporarily disconnected from the return feeder and reconnected to the

raU. Observations of current flow taken for several days showed that normally there

was practically no current flow from the catenary to the ground, but occasionally for

short periods of time a very short peak of current flow of as much as 100 amp. would

occur.

On May 18, members of the committee together with local officers of the Cleveland

Union Terminals Company, made an inspection of this footing while it was excavated



36 Electrolytic Corrosion

South Column of Structure

E-183.
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to determine whether there was any apparent explanation of the large current flow.

The photographs show the condition of the pedestal.

Defective concrete was noted at various locations in the footing, and reinforcing

steel was exposed at two locations. It was also found that water stood fairly high

around the footing, it being necessary to pump water from the excavation while the

observations were being made. However, resistance measurements with a megger did

not disclose the reasons for the high current flow from catenary to ground. No low

resistance was found between the catenary and the ground, nor between the catenary

and the exposed reinforcing steel. It was found possible to isolate each of the four

anchor bolts from the catenary structure. Resistance measurements were then made

between each bolt and the exposed reinforcing steel, but there was no indication of a
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Fig. 7.—Potential Difference Test, Foundation Bolt No. 1 to Earth at the

South Column of Structure E-183.

Deflection to the outside of zero indicates the bolt

is positive to earth.

11:07 a.m., July 23, to 10:33 a.m., July 24, 1943.

Chart speed: 24 hours. Scale: 2S-0-2S volts.

south column and footings, and that an anchor—E-183-G—guys the south column.

Both north and south columns were jacked up and insulating material placed between

the base of each column and the footing, and also around each anchor bolt, as shown

in Fig. 4. The anchor rods running to anchor base E-183-G were removed for the test

(See Fig. 3). The bond wire between the structural steel and the overhead drainage

cable was left in place. On August 4 tests were made to determine the current leakage

between the anchor bolts of the catenary structure and the ground. The soil was wet

from several rains on days just previous to the test, and a heavy rain occurred in the

morning of the day the test was made.

To measure the current leakage with varying amounts of potential six trays of

locomotive batteries were connected as shown in Fig. 4, and one Weston voltammeter
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Fig. 8.—Current Flow Test, Foundation Bolt No. 1, South Column, Structure

E-183, When Connected to Bonded Return Rail.

Deflection to the outside of zero indicates the current

flow is from rail to bolt and bolt to earth.

11:04 a.m., July 23, to 10:39 a.m., July 24, 1943.
Chart speed: 24 hours. Scale: 5-0-5 M-volts.

Shunt: 50 amp. 50 M-volts. Scale: 5-0-5 amps.

Model 1. 300 ohms per volt, was used for both current and voltage readings. The meter

was so connected that readings could be taken quickly by shifting the plug from the

current scale to the voltage scale. The readings were taken when the voltage and current

were stable. The readings obtained are shown in Fig. 5.

It will be observed from this figure that bolts 1 and 3 of the south column and

bolts 1 and 2 of the north column showed high resistance and low current flow to earth

up to the full potential of approximately 50 volts. Bolt 4 of the south column and bolts

3 and 4 of the north column generally showed a high resistance and low current flow to

earth for a voltage potential up to about 20 volts. Beyond this potential the resistance

dropped abruptly and the current flow became quite heavy. Bolt 2 on the south column

showed a very low resistance even at low potentials and a very high current flow.
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Fig. 9.—Potential Difference Test, Foundation Bolt No. 2 to Earth at South

Column, Structure E-183.

Deflection to the outside of zero indicates the bolt

is positive to earth.

10:35 a.m., July 24, to 10:30 a.m., July 25, 1943.

Chart speed: 24 hours. Scale: 25-0-25 volts.

Prior to making the measurements on the individual bolts with the direct current

from the storage batteries, preliminary tests were made by connecting the individual

anchor bolts one at a time to the track as shown in Fig. 6, and measuring the current

flow and potential between the anchor bolt and the ground. The catenary structure had

been insulated from the pedestals prior to these tests as previously explained. Records

of the potential and current flow were taken for a 24-hour period on each of the bolts

tested. Figs. 7, 8, 9 and 10 show the results for one bolt with high resistance to earth

and one with comparatively low resistance for the south column. It will be observed

that bolt 1 of the south column showed a comparatively low current flow. Bolt 2 of the

south column showed a higher current flow. These results corresponded with the results

obtained later in the battery tests, except in the battery test the resistance at bolt 2
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Fig. 10.—Current Flow Test, Foundation Bolt No. 2, South Column, Structure

E-183, When Connected to Bonded Return Rail.

Deflection to the outside of zero indicates the current
flow is from rail to bolt and bolt to earth.

10:42 a.m., July 24, to 10:28 a.m., July 25, 1943.
Chart speed: 24 hours. Scale: 5^0-5 M-volts.
Shunt: SO amp. 50 M-volts. Scale: 5-0-5 amps.

broke down under a comparatively low potential to show a very high current flow.

This did not happen in the tests of July 24-25, perhaps because the weather had been

quite dry for a considerable period of time preceding the test.

It is believed from this test work that the low resistance and high current flow from

the catenary structure to the ground resulted from ground water coming in contact

with either the anchor bolts or reinforcing steel in the foundations of this catenary

structure, and it seems probable that flaws in the concrete footings as shown in the

pictures may have been a primary factor.

Up to the present time the committee and the research staff have been unable to

proceed with any of the work required on Items C and D of the research program.
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Resistance of Concrete Blocks

" Temperature 82 deg. F. August 9, 1943

Capacity and alternating current resistance by General Radio impedance bridge

and external oscillator: Direct current resistance by Weston 772

meter reversing switch

Block
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RESISTA^CE OF CONCRETE BLOCKS

Temperature 83 deg. F. August 13, 1943

Capacity and alternating current resistance by General Radio impedance bridge

and external oscillator: Direct current resistance by Weston 772

meter reversing switch

ilock
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For these specimens, tYz-it. lengths of metal pipe of suitable diameter should be

secured. Some change in diameter may be made if necessary to use pipe available. The

pipes will serve as the forms for these specimens and the concrete left in them.

3. Asphalt Waterproofing Around Concrete.

Make three specimens each, 1-3-5 mix, 5-in. and 13-in. outside diameter; total

6 specimens.

Specimens to be coated with two layers of asphalt and one layer of membrane

fabric after concrete is cured.

4. Special Mixed Concrete as Recommended by Portland Cement Association.

Make three specimens each, 1-2-3 mix, S-in. and 13-in. outside diameter; total

6 specimens.

5. 60-cycle A. C. Test.

Make 1-2-3 mix, one specimen each, S-in. and 13-in. outside diameter; total 2

specimens.

6. Admixtures. Seven specimens, specifications to be furnished.
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Impact Investigation of a Plate Girder Bridge

on the Pennsylvania Railroad

at Elkton, Md,

1. Digest

This report embraces a description and analysis of tests made by the Pennsylvania

Railroad on a plate girder span having a length of 83 ft. out to out of steel. The deck

on this span vi^as of the ballasted type; that is, the track ties supporting the rail rested

on nine inches of crushed rock ballast. The ballast was supported by a poured-in-place

concrete deck resting directly on the top flanges of the girders.

The tests were made after the electrification of the four-track line between New
York and Washington in order to determine not only the comparative impact effects

of the two types of electric locomotives which would be operated in this territory, but

also to compare the impact effects of these electric locomotives with those of steam

locomotives. These tests also afforded an opportunity to compare the stresses in a

ballasted deck bridge with those found in the SS-ft. 10-in. and 122-ft. open deck girder

bridges at Chester, Pa., that were reported in the Proceedings, Vol. 42, 1941, page 394.

Stresses and vertical deflections were measured in each girder under five different

locomotives running at various speeds ranging from approximately 5 m.p.h., which may

be considered at static loading, up to a maximum speed of 110 m.p.h. for the electric

locomotives, 76 m.p.h. for the freight type steam locomotive and 99 m.p.h. for the

passenger type steam locomotive. Electro-magnetic strain gages were used for measuring

the strains and every care was taken in calibrating the instruments and (^conducting the

tests; hence, it is beheved the results can be accepted with full confidence.

The total impact effects produced by each of these locomotives, in percent of the

stresses measured at a speed of approximately S m.p.h. are shown in Figs. 18 to 22,

inclusive. It will be noted that in general there was an increase in impact effect with

an increase in speed, but that this increase was moderate except for one of the steam

locomotives. No. 3843, Class K4-S.

The impact values shown in Table 1 are an average of five of the maximum impact

effects found for each locomotive in this 83-ft. solid floor span. For comparison, the

impact effects found under the same locomotives in the SS-ft. 10-in. and 122-ft. open

deck girder spans at Chester, Pa., as well as the impacts specified by the AREA design

and rating rules are also shown.

In addition to these total dynamic effects, the data were also analyzed for the

purpose of studying the magnitude of the individual effects which make up the total

live load plus impact effect. The individual effects, as found from this study, are as

follows:

1. The crawl, or static, stresses recorded under the locomotives crossing the bridge

at about S m.p.h. were considerably below the calculated static stresses based upon

the assumption that the concrete deck was not carrying any of the stress, but the

recorded stresses^ were only slightly lower than the calculated stresses considering that

the concrete deck was acting with the steel as a composite beam. A comparison of the

recorded and calculated stresses is shown in Table 2. The ratio of the average recorded

to the calculated stresses varied from 0.72 to 0.7S considering the steel section only.
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and from 0.88 to 0.95 when both the concrete and steel were considered to act integrally.

A further reduction of 3 percent in the calculated stresses will be realized if the rail is

assumed to be acting as a continuous beam on an elastic support, that is, assuming

more nearly a condition of uniform loading of the span rather than a series of con-

centrated loads.

2. The test measurements showed that vibrations were induced in the test span

by the electric locomotives even though there were no periodic disturbing forces set up

by unbalanced wheels. This impact effect has been termed "track effect" and the greater

part is presumably due to irregularities in the track surface or wheel treads, or to other

conditions of the track and locomotive that would tend to produce a vertical vibration

in the spring-borne weight of the locomotive or in the girders.

The magnitude of these track effect stresses for the electric locomotives is shown

in the upper diagrams of Figs. 9 and 10. The concentrated wheel load or blow at the

center of the span to produce this track effect stress is shown in the lower diagrams

of Figs. 9 and 10. A comparison of the concentrated wheel loads as found from these

tests with the load as found in the tests with Diesel-electric locomotives on short span

ballasted deck bridges as reported in the Proceedings, Vol. 44, 1943, is shown in Table 3.

3. The combined track and hammer-blow effect for the steam locomotives is shown

in Figs. 11 to 13, inclusive, for which locomotives these two effects could not be separated.

It can be seen that the measured values are well below the calculated values, but it

should be kept in mind that the calculated values are based upon the damping factors

as found in open deck spans. It is quite evident that the damping qualities of this span

with its increased stiffness and higher frequency were greater than those assumed in the

calculated values which were derived from tests on open deck spans.

4. An increase in stress due to speed and termed "speed effect" was found throughout

the tests entirely distinct from the vibrations that were developed by the moving loads.

It can be seen from the upper diagrams in Figs. 14 to 18, inclusive, that the speed

effect percentages were quite small for this bridge, the maximum effects ranging from

five to six percent.

5. The strain measurements usually showed an increase in stress in the steel under

one rail with a corresponding decrease under the other rail. This change in stress is

termed ''roll effect" and is presumably caused by the oscillation of the spring-borne

weight of the locomotive about a longitudinal axis. The roll effects, in percentage of the

recorded static stresses, are shown in the lower diagrams of Figs. 14 to 18 inclusive. The

roll effects were well below the provisions of the AREA design and rating rules.

6. The maximum total live load plus impact stresses as measured in both the lower

and upper flanges, as well as the calculated stresses, are shown in Figs. 24 to 28 inclusive.

It will be noted that the upper flange stresses were on the average only 30 percent of

the lower flange stresses, indicating that the. concrete deck was acting as part of the

upper flange.

It can be seen from Figs. 24 to 28, inclusive, that the maximum recorded stresses

were appreciably lower than the stresses calculated by using the AREA design and
rating rules and the steel section only; in fact, the maximum recorded live load plus

impact stress is only slightly greater than the calculated static live load stress.

2. Foreword

With the electrification of the Pennsylvania Railroad between New York and Wash-
ington, it seemed desirable to consider the comparative effect on bridges of electric

and steam locomotives of approximately equal weight operating at high speeds. Little
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was definitely known as to the dynamic forces imposed by the electric locomotives and

it was decided to make a series of tests on several bridges with both the steam and

electric locomotives to be used in this territory.

The first bridge selected for these tests was a four-track, half-through bridge at

Brunswick, N. J.

The second bridge tested consisted of SS-ft. 10-in. and 122-ft. open timber deck

girder spans at Chester, Pa. The results of these tests were published in the Pro-

ceedings, Vol. 42, 1941, page 394.

The bridge selected for the third series of tests was an 83 -ft. deck girder span at

Elkton, Md., having a concrete ballasted deck. This bridge was selected not only so

the effect of the damping, due to the increased stiffness and the ballast, on the dynamic

stresses could be determined, but also so the portion of the top flange stress which was

carried by the concrete deck could be ascertained. The results of the tests are analyzed

in this report.

Fig. 1.—General View of the Test Bridge.

The strains in the girders were determined by the use of the same type of magnetic

strain gages and oscillograph as was used in the Chester tests. The electrical vertical

and lateral deflectometers were not used, but the vertical deflections were recorded by

the use of two mechanical deflectometers that had been developed and used on the

Cleveland, Cincinnati, Chicago & St. Louis Railway. To house the equipment, a building

14 ft. by 16 ft. was erected at the east end of the bridge. Suitable desks for the operators

and recorders, and tables and shelving for the oscillograph, control units, meters, etc.,

were provided. The house contained a dark room, 5 ft. by 6 ft., in which the film could

be developed immediately upon its removal from the oscillograph.

Telephone connection was made with the Pennsylvania Railroad Wilmington ex-

change; also with the adjacent interlocking towers. Telephone communication was also

arranged between the test building and all indicating gage positions so that the oscillo-

graph operator could instruct the men in balancing the gages.

3. Instruments
Strain Gages

The instruments used in these tests were similar to the instruments used in the

Chester bridge tests, reported in the Proceedings, Vol. 42, 1941, page 394. Since it was

only necessary to measure the strains at six positions, only six strain gages and one

six-element oscillograph were used in these tests.
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Deflectometers

As stated above, two mechanical vertical deflectometers were furnished by the

C.C.C. & St. L., each being attached to one girder of the span. Their construction and

method of operation are fully described in the Proceedings, Vol. 37, 1936, page 754. As

the records, being directly inscribed on paper, were available immediately after each

run, they were used throughout the tests for the purpose of quickly selecting, by the

magnitude of the oscillations, the speed of subsequent runs and ascertaining the critical

speed of the particular locomotive used.

Speed Recorder

The engine speeds were obtained through the use of a drum type, motor driven

chronograph. A clock, with half-second contacts, caused the indication of half-second

intervals to appear on both the chronograph and the oscillograph film. Superimposed

on the timing record were indicators coming from four circuit breakers located on the

track a known distance apart.

Location of Instruments

The location of the six magnetic strain gages is shown in Fig. 2. Gages 1 and 2

were placed underneath the top flange of the east girder to measure the compressive

stresses while gage 3 was placed on the bottom flange at the center of the cover plate

to measure the tensile stresses. Gages 4, 5 and 6 were placd on the west girder; gages 4

and 5 on the compressive flange and gage 6 on the tensile flange.

The mechanical deflectometers were placed on the same transverse hne as the

strain gages, one deflectometer on each girder.

4. Test Span

The span tested consisted of two girders 83 ft. overall, and 81 ft. center to center

of bearings, as shown in Fig. 2. This span was fabricated and erected in 1Q33 under

the "Elkton change of hne" project. The capacity of this span, using the present AREA
design stresses and impact and based upon the gross steel section only, would be E 93.

The center of track, which is on a 14-min. curve to the right going south, does not

coincide with the center line of span at the ends, the track being off center to the north,

1% in. at the east end and 3/16 in. at the west end. The mid-ordinate of the curve

was therefore J^ in. north of the center line of span at the center.

The deck was of the ballasted type; that is, the track ties supporting the rails

rested on nine inches of crushed rock ballast. The ballast was carried by a poured-in-

place concrete deck resting directly on the top flanges of the girders.

The raU was 131-lb. RE section with 6-hole joint bars. The tie plates were 131-lb.

heavy duty type with 30-in. double joint tie plates at joints.

5. Locomotives Used in Tests

Five locomotives were used in the tests, two high speed electric (Classes PS-A and

GG-1), two steam passenger (Class K4-S), and one steam freight (Class Ml-A). The

three steam locomotives were of the 2-cyhnder type, the left pin leading the right pin

by 90 deg. and with the eccentric cranks trailing. All runs were made without any

trailing equipment, except for the tenders on the steam locomotives.

The following is a brief description of the five locomotives used:

Electric Locomotive Class PS^A—No. 4779.—This locomotive is of the 2-C-2 type

with six traction motor armatures. The armature shaft is geared to a quill which

drives the wheels through spring cups. Axles 1, 2, and 6 are equipped with SKF roller
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bearings while axles 3, 4, 5, and 7 are equipped with Timken roller bearings. The lateral

clearance of the center plate on the front truck was 3/32 in. and on the rear truck

1/16 in.

The rating of this locomotive for stress at the gage position, in terms of Cooper

loading, is E 49. The total weight of the locomotive in working order with tanks filled

with oil and water is 394,950 lb., and from individual scale weights of the wheels it

was found that the left side carried 201,760 lb. or 51.1 percent, and the right side

193,190 lb., or 48.9 percent of the total. This same locomotive was used in the Chester

tests so that all general data such as axle spacing, wheel weights, wheel diameters, wheel

clearances, equalizing system, spring arrangement, and spring frequencies, can be found

in the Proceedings, Vol. 42, 1941.

Electric Locomotive Class GG-1—No. 4814.—^This locomotive is of the 2-C + C-2

type with 12 motor armatures. The armature shaft is geared to a quill which drives the

wheels through spring cups. All boxes are equipped with Timken roller bearings. Both

front and rear unit engine truck center plates have a lateral clearance of 1/16 in.

The rating of this locomotive for stress at the gage position, in terms of Cooper

loading, is E 46. The total weight of the locomotive in working order with tanks filled

with oil and water is 463,840 lb., the left side weighing 232,040 lb. or 50.0 percent,

and the right side weighing 231,800 lb. or 50.0 percent of the total. This same locomotive

was used in the Chester tests.

Steam Locomotive Class Ml-A—No. 6718 with Tender No. 6711.—This locomotive

is of the Mountain type (4-S-2) and is used in high speed freight service. The tender,

which has 3-axle trucks, has a capacity of 22,100 gal. of water and 31.5 tons of coal.

The rating of this locomotive for stress at the gage positions, in terms of Cooper

loading, is E 60. The total weight of the locomotive, without tender, is 387,580 lb.,

the left side weighing 198,010 lb. or 51. 1 percent, and the right side weighing 189,570 lb.

or 48.9 percent of the total. The total weight of the tender in working order with full

water tank and coal bunkers, is 385,070 lb., the left side weighing 194,420 lb. or 50.5

percent, and the right side weighing 190,650 lb. or 49.5 percent. This same locomotive

and tender was used in the Chester tests.

Steam Locomotive Class K4-S—No. 3843 -with Tender No. 3511.—This locomo-

tive is of the Pacific type (4-^-2) and is used in high speed passenger service. The

tender, which has 2-axle trucks, has a capacity of 12,150 gal. of water and 18 tons

of coal.

The rating of this locomotive for stress at the gage positions, in terms of Cooper

loading, is E SO. The total weight of the locomtive, without tender is 314,120 lb., the left

side weighing 157,600 lb. or 50.2 percent, and the right side weighing 156,620 lb. or 49.8

percent of the total. The total weight of the tender in working order, with full water

tank and coal bunker, is 195,950 lb., the left side weighing 95,530 lb. or 48.8 percent,

and the right side weighing 100,620 lb. or 51.2 percent. This same locomotive and

tender was used in the Chester tests.

Steam Locomotive Class K4-S—No. 3768 with Tender No. 6000.—This streamlined

locomotive is of the Pacific type (4-6-2) and is used in high speed passenger service.

The tender, which has 3-axle trucks, has a capacity of 18,534 gal. of water and 19

tons of coal.

The rating of this locomotive for stress at the gage positions, in terms of Cooper

loading, is E 56. The total weight of the locomotive, without tender, is 337,880 lb., the

left side weighing 171,185 lb. or 50.7 percent and the right side weighing 166,695 lb. or

49.3 percent of the total. The total weight of the tender in working order, with full

water tank and coal bunker, is 289,685 lb., the left side weighing 143,815 lb. or 49.7



56 Bridge Impact Investigation

percent, and the right side weighing 145,870 lb. or 50.3 percent. This is the only locomo-

tive used on these tests that was not used on the Chester tests. All data regarding this

locomotive such as counterbalancing, axle spacing, wheel weights, wheel diameters, and

wheel clearances are shown in Fig. 3.

6. Analysis of Field Records
Test Records

The test records were made on oscillograph photographic film six inches wide and

five feet long. An average of five test runs was recorded on one film. Each run was

marked with the run number, locomotive class and number, date, locomotive speed

and the strain gage numbers.

Since it would make this report too voluminous to include all of the test records,

only typical records are included as shown in Fig. 4 and 5. Prints of all the test records

are now on file in the Engineering Division offices, Association of American Railroads.

Reading of Records

For an analysis of the records it was first necessary to draw base lines representing

zero stress. Since the reflected light ray was quite wide in some cases, resulting in a

thick stress line, it was decided to measure all stresses from one side of the line, as

shown in the typical examples, Figs. 4 and 5. Light dotted lines, called upper and lower

envelope curves were then drawn through the peaks of the oscillations. A solid line,

called the mean stress curve, was then drawn midway between the upper and lower

envelope curves. It should be pointed out that at very slow speeds, the mean stress

curve represents the static stress, at the gage position, for the different positions of the

locomotive as it passed over the span. As the speed of the locomotive increases, the

mean stress curve is affected by the speed of application of the load and by the roll of

the locomotive as will be shown later.

As pointed out in the Proceedings, Vol. 37, 1936, page 760, the oscillations in any

span keep building up until they reach a maximum and then become smaller. In this

span the maximum oscillations, resulting from the locomotive hammer blow, usually

occurred at the time of maximum mean stress except for the high speeds. The oscilla-

tions for the high speeds occurred sometime before the time of maximum mean stress.

In this report the values of the oscillations were scaled at the point of maximum mean

stress.

Stress Corrections

To the value of stresses, as first scaled from the records, it was necessary to make

the following corrections:

(a) Strain gage correction.—The center of gravity of the "air gap" on the magnetic

strain gage head being 0.44 in. from the base, the strains were recorded on a plane 0.44

in. from the base. Assuming that the stress is proportional to the distance from the

neutral axis it was necessary to decrease the lower flange stresses and increase the upper

flange stresses. The stress corrections used were based upon the calculated netural axis

and involved the application of a factor of 0.995 for the lower flange stresses and a

factor of 1.16 for the upper flange stresses.

(b) Coal and Water Deduction Correction.—The amount of coal and water in the

tenders of the steam locomotives was measured and recorded before each test run. The
variation in the stresses due to the difference in tender weights was computed and the

scaled stress values for each run were corrected so that all of the values are on the

basis of full tenders. The maximum lower flange stress correction for each locomotive
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amounted to 170 lb. per sq. in. for the Class MI-A, and for the Class K4-S locomo-

tives the correction was 110 lb. per sq. in. for locomotive No. 3843 and 140 lb. per

sq. in. for locomotive No. 3768.

Tabulation of Stresses

The mean, semi-amplitude and maximum stresses were taken from all the records

and, after making the proper corrections, were tabulated according to locomotive classes

and in order of speeds. The compression flange stresses are the average of the results

secured from the two gages on the upper flange angles of each girder.

The tables containing all the data taken from the stress records and entitled

"Tabulation of Stresses" and "Analysis of Strain Gage Readings" are similar to the

tables included in the report on the Chester bridge tests, see Proceedings, Vol. 42, 1941.

These tables are now on file in the Engineering Division offices, AAR.

7. Impact Effects as Found from the Test Data

The data, as taken from the oscillograph records and summarized in the previously

mentioned tables, were analyzed for the particular purpose of segregating and deter-

mining the magnitude of the static and dynamic effects of the locomotive loads. The

results of this study are as follows:

Location of Neutral Axis

A comparison of the upper flange stresses as recorded by gages 1, 2, 4 and S with

the lower flange stresses as recorded by gages 3 and 6, see Figs. 4 and S, discloses that

the neutral axis of the section is not at the center of web, but is quite close to the

upper flange. In Fig. 6 the location of the neutral axis is determined by drawing to

scale the average upper and lower flange stresses for slow speed runs and a high speed

run for both an electric locomotive and a steam locomotive. In addition, the location of

the neutral axis as calculated in Fig. 7 is shown on these diagrams. In calculating the

location of the neutral axis the modulus of elasticity of steel was assumed to be ten

times the modulus of the concrete, and the complete concrete deck, including curbs, was

assumed to be acting integrally with the steel girders. It can be seen from Fig. 6 that

there is very close agreement between the calculated location of the neutral axis and

the location as determined from the stress records.

In order for the deck to act as part of the top flange, the concrete and steel must

develop a bond stress of 64 lb. per sq. in. for the heaviest locomotive, which is not

excessive. In addition to the bond between the concrete and steel, the rivet heads are

capable of developing mechanical anchorages.

Static Stresses

In order to have a check upon the static stresses recorded by the electro-magnetic

strain gages, a 10-in. Berry strain gage was clamped to the underside of the west

girder at the center. Four slow runs were then made with locomotive No. 3768, Class

K4-S, and the dial reading recorded for each run. The average stress secured by the

Berry gages was 3.86 kips per sq. in. This stress agrees very well with the average stress

of 3.93 kips per sq. ill. recorded by the electro-magnetic strain gages under six slow

runs of the same locomotive.

The static stresses under all the test locomotives were calculated in both the east

and west girders for comparison with the recorded stresses. The static stresses were

calculated in two ways, first by using the gross moment of inertia of the steel section

only and then by using the gross moment of inertia of the composite concrete and steel

section. The results of the recorded and calculated static stresses for all the test locomo-

tives are shown in Table 2. (text contimied on page 66)
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(text continued from page 37)

It can be seen from Table 2 that the recorded static stresses under all the test

locomotives are somewhat lower than the calculated static stresses even when the com-

posite steel and concrete section is used. The greatest variation between recorded and

calculated static stress was under locomotive No. 3843, Class K4-S, where the recorded

static stress was 88 percent of the calculated stress.

The reason for the variation between the recorded and calculated stresses is not

known, but since the calculated location of the neutral axis comes so close to the location

determined by the test results, the variation must be due to the actual loads on top

of the girders.

The calculated static stresses are based upon concentrated wheel loads while actually

the rail over the bridge acts as a continuous beam on an elastic support of the ties

and ballast so that there would be an appreciable amount of longitudinal distribution,

more nearly approaching a uniform load.

The calculated distribution of the average wheel loads to the girders resulting from

Class K4-S, locomotive No. 3768, is shown in Fig. 8. The analysis of this pressure

diagram considers the rail as a continuous beam on an elastic support with a track

modulus of 3,000 lb. per in. The pressure from the individual wheels is shown by the

dashed Unes, while the heavy solid Une is the resultant pressure due to the combination

of all the wheels. The calculated stress in the girder due to the resultant pressure is 4.07

kips per sq. in. which is only 97 percent of the calculated stress based upon concentrated

wheel loads, which more nearly conforms with the percentages shown in the last column

of Table 2.

Track Effect

The stress semi-amplitudes as recorded by the gages on the lower flanges and

tabulated in the previously mentioned tables for the two electric locomotives are shown

in the top diagrams of Figs. 9 and 10. These semi-amplitudes are called track effect

stresses and are due principally to rail joints, track irregularities, or wheel irregularities

which might be due to flat spots, eccentric mountings, or an out-of-round perimeter.

The tests were made with the track in normal condition and no effort was made to

study the effect of a heavily battered rail joint at the center of the span.

It can be seen from the track effect diagrams that there seems to be a critical speed

of about 93 m.p.h. for the Class P5-A locomotive where the track effect stresses are a

maximum, while for the Class GG-1 locomotive, the critical speed appears to be about

72 m.p.h. In general, the track effect stresses at the lower speeds are greater than those

calculated by the AREA rating rules but those occuring at higher speeds are below

those calculated by both the AREA design and rating rules.

The values plotted on the lower diagrams of Figs. 9 and 10 are the calculated

concentrated loads which would produce the measured track effect stresses. The cal-

culated concentrated loads are based upon the composite steel and concrete section,

taking into account the stress factor as shown in Table 2. For example, the measured

track effect stress for the Class PS-A at 93 m.p.h. was 0.35 kips per sq. in. (See Fig. 9)

.

The calculated concentrated load to produce a stress of 0.35 kips per sq. in. is 13.4 kips.

In analyzing the tests made on short spans under Diesel locomotives and reported

in the Proceedings, Vol. 44, 1943, it was found that the concentrated force to produce

the measured track effect stresses increased with the stiffness of the span. This increase

in the concentrated force with an increase in span stiffness appeared to be true for the

tests with and without the battered rail joint on the span, although the concentrated

load with the battered rail joint on the span was about twice the load found without

the battered joint on the span.
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It appears from these tests that the concentrated load for the longer span with a

corresponding increase in the stiffness factor (//Z,) is appreciably greater than that

found in the shorter spans. For comparison, the maximum concentrated load and the

span stiffness as found in these tests and those found in the tests on short spans for

ballasted deck bridges without battered rail joints and reported in the Proceedings,

Vol. 44, 1943, are shown in Table 3.

Combined Track and Hammer Blow Effect

—

Steam Locomotives

An important source of vertical oscillations in a railroad bridge is the periodic

disturbing force of the counterweights of the steam locomotive. This disturbing force,

or hammer blow, is due to the centrifugal force of the unbalanced weights on the

revolving driving wheels. In these tests, as well as in previous tests, the recorded dynamic

effects are due to both track effect and hammer blow effect. It is quite possible that in

some cases the condition of the track would tend to counteract the oscillations due to

the hammer blow. On the other hand, the oscillation due to the track condition might

be additive to the oscillations caused by the hammer blow. Since for these tests there

is no way to determine the separate effects, the only alternative is to report their

combined effect.

The stress semi-amplitudes as read from the oscillograph film and tabulated in the

previously mentioned tables for the three steam test locomotives are shown in the upper

diagrams of Figs. 11 to 13, inclusive. These semi-amplitudes are called track and hammer

blow effects. The hammer blow effects, as specified by the AREA rating rules and

based upon the steel section only, are also shown on these diagrams by the solid curved

hne. In addition, the average static or unmagnified hammer blow stress curves are

shown on the upper diagrams. These static hammer blow stress curves, as indicated by

the solid line, are the average of the east and west girders and are based upon the

steel section only.

The values shown in the lower diagrams of Figs. 11 to 13, inclusive, are the dynamic

magnifiers or the ratios of the measured semi-amplitude stresses as shown in the upper

diagrams to the static or unmagnified hammer blow stress calculated for the same speed.

The calculated dynamic magnifier curves, as specified by the AREA rating rules and

based upon the steel section only, are also indicated on these diagrams by the solid Une.

It will be seen that the actual values of the track and hammer blow stresses and

dynamic magnifiers, in the range of critical or synchronous speed, are well below the

values as calculated by the AREA rating rules. This decrease in magnification indicates

greater damping which is undoubtedly due in part to the ballast, but the smaller live

load deflection resulting from the composite concrete and steel section increases the

natural loaded frequency of the span which also results in a higher damping factor,

since elastic damping increases with an increase in velocity.

It should be pointed out that the actual values of the track and hammer blow

stresses and dynamic magnifiers exceeded the calculated values at the lower speeds, but

at these speeds the actual values are appreciably lower than they are at the critical

speed. It must also be remembered that undoubtedly the greater portion of these semi-

ampUtudes at the lower speeds represents track effect.

In order to determine the damping factor and the damping constant of this bridge

under the three steam test locomotives, the same method of analysis was followed as

that used in analyzing the tests made on the C.C.C. & St. L. and described in the Pro-

ceedings, Vol. 37, 1936. The equations used in this analysis, which provided a satis-

factory method of arriving at the damping factor A and the damping constant p,

providing the speed of the locomotive N was within 10 or IS percent of the synchronous

speed n, are as follows: (text continued on page 78)
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(text continued from page 67)

(1)A= /_L0-^^(l-5)
V A^

1

_,^, ^ _,, (2)

i/(-^)V(-fy

*=^
•,

<«

where: A ::= Damping factor.

i =: Dynamic magnifier.

N= Speed of locomotive in revolutions per second.
n z=L Natural loaded frequency of span in vibrations per second.

^= Damping constant.

In using the above equations in the analysis of these tests, the natural loaded

frequency n of the span was determined from the recorded center live load deflection

and the calculated dead load deflection. The value of the damping factor A was com-

puted by the use of equation (1), using for k the maximum measured value for a loco-

motive speed N . Using the computed value of the damping factor A, the values of the

dynamic magnifier k at all speeds were then calculated from equation (2). The cal-

culated dynamic magnifier curves, based upon the composite steel and concrete section

and the computed vaJue of the damping factor A, are shown in the lower diagrams

of Figs. 10 to 12, inclusive, by the dashed line.

The computed values for the damping factor A and the damping constant p as

well as the AREA rating rules values are tabulated below the diagrams in Figs. 11 to 13,

inclusive, for the three steam test locomotives. It can be seen that, for this ballasted

concrete deck span, a minimum value of 0.043 and a maximum value of 0.047 with an

average value of 0.0444 was determined for the damping constant p instead of the value

of 0.0283 as specified for an open deck span of this length by the AREA rating rules.

Speed Effect

Measurements of the mean stresses disclose evidence of an increase in stress at

various speeds which has been called speed effect in all the previous tests. The meas-

ured speed effects, in percent of the measured crawl stress, have been plotted in the

upper diagrams of Figs. 14 to 18, inclusive. The effect appears to be quite small for

this bridge and these locomotives, the maximum effect occurring under locomotive

No. 3843, Class K4-S, while under locomotive No. 3768, Class K4-S, the mean stresses

at the higher speeds were practically the same as at the low speeds.

One explanation for these low speed effects is that since the concrete and steel are

acting as a composite beam, the vertical deflections are quite small, resulting in small

vertical displacements of the locomotives as they cross over the span.

Roll Effect

The increased stress in one girder with a corresponding decrease in stress in the

other girder is undoubtedly due to the spring-borne weight of the locomotive oscillating

about a longitudinal axis. This increased stress is called roll effect and the amount, in

percent of the static stress, is shown in the lower diagrams of Figs. 14 to 18, inclusive.

The roll effect percentage as specified by the AREA design and rating rules is also
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shown on these diagrams. It can be seen that the measured roll percentages are appre-

ciably lower than the specified percentages, with the exception of one run for locomo-

tive No. 6718, Class Ml-A and one run for locomotive No. 3768, Class K4-S, where

the recorded roll effects are only sUghtly below the specified values.

Total Impacts—Electric Locomotives

The total impact percentages shown in Figs. 19 and 20 are the increases over the

stresses obtained at a speed of approximately S m.p.h. These total impacts are the

combination of (1) track effect, (2) speed effect and (3) roll effect, as found for any

particular run, although it would be only by chance that the maximum of all effects

would occur simultaneously.

It can be seen from these diagrams that the total impacts for all runs reported here

are below both the AREA design and rating rules allowances for electric locomotives.

Total Impacts—Steam Locomotives

The total impact percentages for the steam locomotives are shown in Figs. 21 to 23,

inclusive. These total impacts are the combination of (1) track and hammer blow

effect, (2) speed effect and (3) roll effect, as found for any particular run.

It can be seen from these diagrams that the total impacts for all runs reported here

are below both the AREA design and rating rules allowances for steam locomotives,

but it should be noted that the impacts under locomotive No. 3843, Class K4~S, Fig. 22,

increase very rapidly at the high speeds.

Recorded Maximum Stresses

The maximum live load plus impact stresses recorded in both the lower flange and

in the upper flange for each test run are plotted on the diagrams of Figs. 24 to 28, in-

clusive. The total calculated live load and impact stress, using both the design and

rating rules impacts, are also shown on the diagrams. For comparison, the calculated

static live load stresses, based both upon the steel section only, and the composite steel

and concrete section, and the recorded static live load stress are also shown on the

diagrams.

It will be seen that the maximum recorded stresses are appreciably lower, under all

the test locomotives, than the live load and impact stresses calculated using the AREA
design impact as well as the AREA rating rules impact, and it is interesting to note that

the maximum live load and impact stresses are only slightly greater than the calculated

static live load stress, based upon the steel section only.

8. Conclusions

The tests afforded an opportunity to measure and compare the static and dynamic

effects on a ballasted concrete deck girder span, of electric and steam locomotives

running over a wide range of speeds up to the probable maximum speeds for either class.

From the data gathered from these tests, it seems logical to conclude that:

1. The poured-in-place concrete deck was well bonded to the steel and the entire

section acted as a composite beam.

2. The recorded static stresses were only about 75 percent of the calculated static

live load stresses based upon the concentrated wheel loads and using the steel section only.

3. The recorded static live load stresses 'were about 91 percent of the calculated

static live load stresses based upon the concentrated wheel loads and using the combined

steel and concrete section and were about 95 percent of the calculated stresses, consid-

ering the rail acting as a continuous beam on an elastic support.

(text continued on page 88)
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(text continued from page 79)

4. The track effect stresses for the electric locomotives, as found in these tests with

the track in normal condition, were somewhat greater than those provided for in the

AREA rating rules, except at the high speeds.

5. The combined track and hammer blow effects were appreciably lower than the

hammer blow effects as provided for in the AREA rating rules.

6. The increase in stress due to speed was very small in this span and seemed to

bear no relation to speed. Larger speed effects have been found in previous tests on

other spans.

7. The stresses in this span due to roll were appreciably lower than those provided

for in either the AREA design specifications or the rating rules.

8. The total impact percentages, based upon the recorded static live load stresses,

were appreciably lower than those provided for by either the AREA design specifications

or rating rules.

9. Basing the computations on the steel section only:

(a) The recorded maximum stresses were appreciably lower than the calcu-

lated live load plus impact stresses using either the AREA design impact or the

rating rules impact.

(b) The recorded inaximum stresses were generally lower than the calculated

static live load stress.

10. It is evident that the amount of damping in this span was greater than it would

be in an open deck span of equal length, and that this increase in damping is due in part

to the cushioning effect of the ballast and the higher natural frequency of the span due

to the concrete and steel acting as a composite beam.

11. It can safely be assumed that if the bond between the concrete and steel is

sufficient to make the two parts act together, the static live load stresses will be consid-

erably smaller than those in a similar steel span with an open deck and that, due to

the increased damping, the amount of impact will be materially reduced.

9. Acknowledgment

The Committee on Impact and the American Railway Engineering Association are

deeply indebted to the Pennsylvania Railroad for the use of the very complete data

covering these tests.
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H^arrp 3^obinsfon ^afforb

Died April 10, 1943

Harry Robinson Safford was bom in Madison, Ind., the son of James B. and Jose-

phine (Branham) Safford, on February 7, 187S, and soon thereafter he was taken by his

parents to a new home at the nearby town of Columbus, Ind., where his father was em-

ployed by the J. M. & I. R. R., now a part of the Pennsylvania System. In 1890 the

father was appointed division superintendent of the Chicago, Indianapolis & Louisville

and the family moved to Indianapolis. A short time later the father was transferred to

Lafayette, Ind., and the son first came under the influence of Purdue University, in which

institution he enrolled as a student at the age of 17. He graduated in civil engineering

in June 1895, and received from his Alma Mater the degrees of Civil Engineer in 191S,

and of Doctor of Engineering in 1920. While in college he spent his summers in the em-

ploy of the Panhandle Lines of the Pennsylvania and looked forward to continuing with

this railway after graduation. However, he saw a more attractive opportunity on the

Illinois Central and immediately after graduation he entered the employ of that railroad

Harry Robinson Safford

as a rodman in the engineering department and was assigned to a large grade-crossing

elimination project at Decatur, 111. From 1896 to 1897 he was an instrumentman at Chi-

cago; from 1897 to 1900 he was attached to the chief engineer's office at Chicago as an

assistant engineer in charge of a floating party which worked over the entire system. In

1900, he was promoted to division roadmaster (substantially equivalent to division engi-

neer on other roads) and served in this capacity at Clinton, 111., Freeport and Carbon-

dale, until May 1903. On that date, he was advanced to principal assistant engineer for

91
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the system at Chicago, and in March 1905, he was promoted to assistant chief engineer,

serving in this position until July 1906 when he was appointed engineer maintenance of

way, holding this office until May 1910, when he left the Illinois Central to become

assistant to the president of the American Manganese Steel Company, with which com-

pany he remained until May 1911.

In October 1911, he was appointed chief engineer of the Grand Trunk Railway (now

part of the Canadian National System) and retained this position until August 1918,

when he returned to the United States to become engineering assistant to Hale Holden,

regional director for the Central Western region of the United States Railroad Adminis-

tration at Chicago, remaining in this position until the termination of federal control on

March 1, 1920, when he became assistant to the president of the Chicago, Burlington &

Quincy upon Mr. Holden's return to the presidency of that system. Subsequently, in

December 1921, he was elected vice-president of that road. In February 1925, he was

elected vice-president of the Missouri Pacific, and executive vice-president of the Gulf

Coast Lines and the International-Great Northern, with headquarters at Houston, which

offices he held until his death.

His Work on the Railways

Mr. Safford's ability to grasp the basic principles of a problem is demonstrated by

his experience on the Illinois Central where, in 11 years from the time he entered the

service as an inexperienced rodman, direct from college, he rose to engineer maintenance

of way of the railroad, then a property of some 5,500 miles of lines. In those 11 years

he gained a breadth of experience as an engineer on construction and on surveys, as a

division maintenance officer and as an executive with broad responsibilities that served

him well in later years.

His service with the Grand Trunk began at a time when that railway, through sub-

sidiary companies, was engaged in the construction and initial operation of new lines

across Canada to the Pacific Coast. This necessitated close control of expenses on the

properties of the parent company, which Mr. Safford could and did exercise by reason

of his knowledge, experience and ability to obtain whole-hearted cooperation all the way

down the line.

Under his direction, maintenance methods and standards were improved and brought

more in line with AREA recommended practices, with resultant economies. Numerous

test sections were established, and studies were constantly made in order to obtain still

further savings in maintenance and improvements in physical property. Despite some-

what limited funds and World War I conditions, numerous important terminal and other

necessary capital improvements were successfully completed.

While on the Burlington, Mr. Safford acted in close cooperation with the president

in connection with engineering policies; he was engaged for a considerable time in the

Federal Control Period settlement with the government on behalf of the C. B. & Q., the

C. & S., and the Q. O. & K. C. lines, particularly in the determination of the amount

of undermaintenance and deterioration of the property.

Following his appointment as vice-president, he was also placed in charge of the

pension system inaugurated on the C. B. & Q. on January 1, 1922; he handled AFE
projects and capital expenditures budgets of C. B. & Q. and C. & S. lines. He also han-

dled executive office matters affecting all the Burlington lines, particularly such as re-

quired engineering determination. The proposed consolidation of railroads was an active

issue at that time and Mr. Safford was an advisor in connection with a "Four-group"

plan initiated and recommended to the Interstate Commerce Commission by Burlington

executives.
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Mr. Safford's connection with the Missouri Pacific began shortly after that system

had acquired several thousand miles of railroads in Texas and Louisiana, and it became

his task to weld these properties into a progressive efficient entity, which he did within

a few years. His previous broad experience singularly fitted him for this undertaking. The

improvements in the physical properties and the loyalty of employees toward him, in-

creased as the years went by, and both stand as a monument to his personality and prior

engineering and executive training.

His Work in the AREA
It was to the American Railway Engineering Association that Mr. Safford gave

longest and most continuous service. His introduction to practical railway engineering

came at a time when the United States was emerging from the depresson of 1893 and at

the beginning of the period when railways were seeking to improve and enlarge their

operated lines and to build into unoccupied territory. There was no organization which

dealt solely with railway engineering practices, nor was there any general interchange

of progressive engineering ideas. Mr. Safford's early impressions of practical railway

engineering problems led him to conclude that his daily problems were in a large meas-

ure post graduate extensions of his college studies at Purdue. In the American Railway

Engineering and Maintenance of Way Association (now the AREA), although then new

and untried, Mr. Safford visualized the continuation of engineering study and felt that

it presented the opportunity he sought. He was elected to membership in 1900 and at

once entered into the work of the Association with a serious enthusiasm, which he main-

tained steadfastly to the close of his career.

The advantages of active membership in the Association were so apparent to Mr.

Safford that at the annual meeting in 1920, he said, "The general character of our work

should appeal to the young and ambitious man. Its varied character is such that it is a

continuation of the education that characterizes university life."

He held an advanced conception of committee service in the Association. It was his

thought, and he exemplified it by his own committee service, that every member should

obtain a varied committee service, transferring from one committee to another to broaden

his experience. This coincided with his conception of a post graduate course pursued in

the practical field of railway engineering, the broadening of effect of varied committee

service leading to a more mature engineering education, as a result of which the continu-

ing student would be of greater value to his employer and to the railway engineering

profession as well.

Mr. Safford's interest in the relationship of university training to railway engineer-

ing led him into the study of a plan to bring the universities and the railway engineering

profession in closer cooperation. The universities train young men, some of whom find

employment on the railways, whUe the railways have many special problems that might

have some influence on the curricula of engineering colleges. It was Mr. Safford's thought

that the course of study, in addition to the basic fundamentals, might be modified to

advantage to include some of the special problems that confront the railway industry.

He argued that in many cases these special problems could not be undertaken on the

railways by busy railroad officers and because of the lack of special research equipment;

on the other hand the universities have great laboratories, specialized equipment and

staffs of specialists who by training and experience could perform a real and outstand-

ing service to the railway engineering profession. Accordingly Mr. Safford made contacts

with Purdue and Illinois universities and at the annual meeting in 1920 he recommended
that the Board of Direction study the problem with the view of establishing closer rela-

tions with engineering colleges. Two years later a special Board committee on Cooperative
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Relations with Universities was created, with Mr. Safford as chairman, and a year later

it became a regular standing committee of the Association.

During his term as president, Mr. Safford made an intimate study of the standing

committees. He observed the loss of time between the annual meeting and the time the

committees were organized for the year's work. His view was that there should be no

pause in the standing committee's work and recommended that the assignments of work

committee appointments be worked out during the three day annual meeting and an-

nounced on the last day of the meeting. This has since been accomplished through the

joint action of the Board committees on Personnel and Outline of Work.

Mr. Safford's tenure of membership began when the Association was only one year

old and, therefore, covers almost its entire history. His service on standing committees

follows this order:
. «^j

Committee 3—Ties, 3 years

Committee 11—Records and Accounts, chairman, 4 years

Committee 5—Track, 5 years; vice-chairman, 1 year

Committee A—Rail, 4 years

Committee 22—Economics of Railway Labor, 2 years

Committee 24—Cooperative Relations with Universities, 11 years

Special Committee on Stresses in Railway Track, 24 years.

His service on the Board of Direction began in March 1916, and included three years

as a director; two years as a vice-president; one year as president; five years as a past

president. His record is, therefore, one of almost continuous service, including 23 years

as a member of standing committees, 24 years as a member of a special committee, and

11 years as a member of the Board of Direction.

Civic Activities

In spite of the many demands of a busy railway career, Mr. Safford took time also

for civic activities. In Houston he was president of the Houston area council of the Boy

Scouts of America, and afterwards a member of the national executive board of this

organization. During the depth of the depression he took over the difficult task of leader-

ship of the Houston Chamber of Commerce, and through his efforts he contributed to the

substantial business growth of Houston. It was because of such a record that Mr. Saf-

ford was characterized by the press of his home city as Houston's leading citizen.

Mrs. Safford and a son, H. Robinson, Jr., survive him.

E. T. HowsoN, Chairman,

D. J. Brumley

J. M. R. Fairbairn

C. S. KiRKPATRICK

F. H. McGuiGAN, Jr.

G. J. Ray
Committee on Memoir.
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IRalpl) i^orman JSegien

Died, February 27, 1944

Ralph Norman Begien, retired vice-president-advisory of the Chesapeake & Ohio

Railway, was born in Somerville, Mass., March IS, 1875, of French Huguenot and old

New England ancestry. He was the son of Henry Martin and Louise Florence Thayer

Begien. While he was yet a child, the family moved to Medford, Mass., where he grew

up and graduated from the Medford high school. He then attended Harvard university

for two years, specializing in languages. In his school years he was a leader in athletics

and other class activities.

Mr. Begien began his professional career in 1897. Entering the service of the U. S.

Nicaraguan Canal Commission and Isthmian Canal Commission, he worked on surveys

for a canal across Nicaragua as instrumentman, draftsman, and junior assistant engineer.

Ralph Norman Begien

In 1900 he joined the engineering parties of the Guyaquil & Quito Railroad, Ecuador,

South America, as assistant engineer in charge of corps on bridges and location. Return-

ing to the United States later, he was employed by the United States government, under

bond, as mathematician, in charge of computations in the Surveyor General's office,

Washington, D. C.

Mr. Begien resumed his railroad career in August 1902, when he entered the service

of the Baltimore & Ohio Railroad as assistant engineer, and during the next two decades

advanced successively as follows: Construction Department: Draftsman, 1903-1904;

assistant engineer in charge of corps on surveys for trunk line improvements, and

assistant engineer at headquarters, Baltimore, Md., on special engineering investigations,

1904—1909. Maintenance of Way Department: Division engineer, Philadelphia division,
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and acting engineer maintenance of way, main line, system, 1909-1910; assistant to chief

engineer, system, 1910. Operating Department: Assistant to general manager, eastern

lines, and assistant to third vice-president, system, in charge of operating efficiency

work, 1910-1912; assistant general superintendent, main line system, 1912-1913; gen-

eral superintendent, Baltimore & Ohio Southwestern Railroad, (predecessor of Balti-

more & Ohio Railroad) at Cincinnati, in general charge of operation, engineering, and

maintenance of way and equipment, 1913-1916. Engineering Department: Chief engi-

neer, Baltimore & Ohio System, and Cincinnati, Hamilton & Dayton Railway under

receivers, 1916-1917. Operating Department: General manager, eastern lines, Baltimore

& Ohio Railroad, in general charge of operation, engineering, maintenance of way and

equipment, 1917-1918; assistant to federal manager. United States Railroad Administra-

tion, in charge of operating and engineering of the Baltimore & Ohio eastern lines,

Western Maryland Railroad, Cumberland Valley Railroad, Coal & Coke Railway, and

Wheeling Terminal Railroad, 1918-1919; federal manager. United States Railroad Admin-

istration, in general charge of operation, traffic, engineering and maintenance of way and

equipment of Baltimore & Ohio western lines, Dayton & Union Railroad, and Dayton

Union Railroad, 1919-1920; general manager, Baltimore & Ohio western lines, and Day-

ton & Union Railroad, Dayton Union Railroad, Sandy Valley & Elkhorn, and Long

Fork Railroads, 1919-1923.

During this period of over, 20 years of railroad service with the Baltimore & Ohio

Railroad, Mr. Begien gained a broad knowledge of railway engineering and operation.

His association with fellow officers and with other eminent and capable railway engi-

neering and operating men played an important part in developing a mind singularly

active and aggressive and replete with ideas, many of which in their application exerted

a broadly beneficial influence upon methods of railway engineering and operation. Mr.

Begien's contributions in this respect were indeed more effective and far reaching than

is generally reahzed.

In working with his contemporaries and subordinates, Mr. Begien had the faculty

of imparting his knowledge and enthusiasm in a manner which encouraged their devel-

opment and effectiveness as future railway officers. Some of these men now head impor-

tant transportation systems. It has been said that the Baltimore & Ohio is a mother of

railroad presidents. Mr. Begien's broadening and encouraging influence upon associates

and friends truly made him the big brother of railroad presidents.

As assistant to the general manager of the Baltimore & Ohio, Mr. Begien made an

extensive and thorough study of railway operating efficiency. He organized an operating

statistical bureau, which is maintained to this day, and encouraged competition between

operating divisions, comparing their performance by means of properly equated efficiency

units. Under his direction were placed a number of young engineers who were trained

in the practical application of operating statistics and with their aid the train load

formula and adjusted tonnage factor for loading freight trains, previously developed

while he was chairman of the Committee on Economics of Railway Location of the

AREA, were made uniformly effective with excellent results.

Mr. Begien believed that a good railroad officer should be able to work with any

group and should have an understanding of the problems of departments other than his

own. It was his practice to hold regular meetings of the staff, which included officers

of the maintenance of way, maintenance of equipment, and transportation departments,

for discussion of departmental problems and exchange of ideas. These staff meetings, in

addition to their educational advantages, fostered a spirit of splendid cooperation and

promoted a keen interest in the efficiency of operation.
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By the end of federal control in 1920 Mr. Begien had become prominent as a

railroad man of ability and vision, with a progressive attitude towards the relations of

labor and management. Mr. Begien was convinced that a basic education in engineering

was a sound foundation for success in any department of the railroad organization.

Nevertheless, he stressed loyalty or an enthusiastic willingness to support his superior's

plans as one of the best traits of a young railroad man. Once, when questioned about a

man whose education and training had apparently not been such as to fit him for the

work which he was then following, he responded that this man understood his plans

and was 100 percent loyal to the objective and he would rather have him working for

him than a dozen genii. He believed that the desire to accomplish something is the

strongest human impulse, and he had a just pride in his own personal accomplishments.

He could run a lathe in a machine shop, locate a railroad line, make a good drawing

(he was an exceptionally rapid and good letterer), write a technical or engineering re-

port, and qualify as a mathematical expert. Mr. Begien in his younger days was of an

athletic turn. He was no mean opponent at tennis and golf and he was a lifelong base-

ball fan. He was a fast levelman and transitman, very proficient in reading topographic

maps and in picking out lines in development and location surveys. Always in the van

he was ever ready to wade or swim a stream and to assume leadership in surmounting

any obstacle to the progress of the immediate undertaking.

Mr. Begien was elected vice-president of the Chesapeake & Ohio and Hocking

Valley railways, effective June 1, 1923, and placed in general charge of maintenance and

operation.

After the cessation of federal control of railroads, March 1, 1920, the railways of

the country entered upon a period of rapidly expanding business, which reached the

peak in 1921, and then fell off rapidly. Following this, a period of rehabilitation and

reconstruction was begun.

The president of the Chesapeake & Ohio and Hocking Valley railways, recognizing

the necessity of improving and expanding these properties in order to adequately

accommodate the increasing coal business, authorized a comprehensive budget of ex-

penditures for maintenance and for additions and betterments of road and equipment,

including a large number of new locomotives and cars. This improvement program was

well under way in 1923, and the broad knowledge and experience in railway operation

and engineering brought by Mr. Begien was immediately available to apply to the

problems then in hand.

Mr. Begien remained in charge of operation and maintenance until May 1, 1930,

when the Hocking Valley Railway was consolidated with the Chesapeake & Ohio.

Thereafter he continued as vice-president in charge of engineering, real estate and other

allied activities until July 1, 1932, when, on account of failing health, he was appointed

vice-president-advisory. During this nine-year period the Chesapeake & Ohio Railway

successfully consummated the very extensive program of maintenance rehabilitation, and

of additions and betterments to equipment and road. Included was the construction in

1927 of a 65-mile double-track connecting link between the Cheseapeake & Ohio and the

Hocking Valley railways. Completed in the record time of ten months, Mr. Begien con-

sidered this one of his finest engineering achievements. He retired from active service

with the Chesapeake & Ohio Railway, May 1, 1938.

He was elected a member of the American Railway Engineering and Maintenance

of Way Association, now AREA, in 1907, becoming a life member in 1940. He was a

member of Committee 16—Economics of Railway Location, from 1908 to 1923, inclusive;

its vice-chairman, 1911-1913, and chairman, 1914, and again chairman, 1919 and 1920.

He was a member of the Committee on Wood Preservation, 1909 and 1910, and he also
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served on the then special committee of Cooperative Relations with Universities in

1924-1927.

While on Committee 16—Economics of Railway Location, Mr. Begien directed the

making of many dynamometer tests on freight trains operated on the Baltimore &
Ohio Railroad, and the compilation and analysis of the results, leading up to the devel-

opment of the basic freight train tonnage rating formulas published in the Proceedings

of the Association. He was the author of a number of papers on railway engineering

and operation.

Mr. Begien was also a member of the American Society of Civil Engineers and

served as a director from Zone III in 1923-1924. He also served from time to time as a

member of the board of directors of a number of corporations allied with the transpor-

tation industry. He belonged to a number of clubs, including the Commonwealth Club

and the Country Club of Virginia in Richmond, and the University Club, Cincinnati.

He was a Republican.

He married Ida Davenport Rozzell, of Washington, D. C, December 11, 1900. They

had two sons, Ralph Norman, Jr., and John Thayer, and one daughter, Jeanne. Ralph,

John and Jeanne, together with Mrs. Begien, survive him.

Mr. Begien's personality was modest and unassuming; he lived quietly and unpre-

tentiously. He was a devoted husband and was always keenly interested in the welfare

and education of his children. He was a member of the Episcopal Church. After his

retirement he lived on Douglasdale Road in Richmond, Va.

G. D. Brooke, Chairman,

E. M. Hastings

J. E. Teal

Committee on Memoir.
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STofjit (gregorp JSrcnnan

Died, February 23, 1944

John Brennan was born in Syracuse, N. Y. on February 14, 1884, the son of

Michael James and Catherine Cosgrove Brennan, the third youngest of nine children.

His father died when he was six years old so that he early learned the meaning of loyalty

and devotion to family which was later expanded to guide all of his efforts in life

whether in connection with his married hfe, his friends, his company or his profession.

His education was received in the public schools of Syracuse, N. Y. He was a good

student and entered the L. C. Smith College of Engineering of Syracuse University on a

scholarship with the class of 1907. He worked summers at various jobs to help pay his

college expenses. He was a natural athlete and the early necessity for eye glasses alone

prevented his becoming varsity material. A great lover of the outdoors he was adept at

ice skating, horseback riding, golf, swimming and similar activities.

John Gregory Brennan

In 1927 he married Miss Edna Heraty of Bayonne, N. J. That union has fre-

quently been characterized by their friends by the single word "ideal".

He entered the service of the New York Central in 1906 at Buffalo and was engaged

on construction work in the middle and western parts of New York State until 1922.

During that period he rapidly advanced from the initial position of chainman through

those of rodman, transitman, instrument man, draftsman and assistant engineer to resi-

dent engineer, and was entrusted with substantial responsibility in connection with many

extensive and varied construction projects during a period of active railroad expansion

of plant. He was transferred to similar work at Albany in 1922 and was there engaged

for two years.
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In 1924 the rapidly expanding grade crossing elimination program of the State of

New York made it advisable for his company to transfer him to New York City to the

very responsible position of engineer of grade crossings of the New York Central, East

of Buffalo, which function he creditably fulfilled until 1935. That particular type of

work called for a great deal of contact with state and municipal officials.

In 1935 the federal grade crossing program was expanded under the direction of the

then Bureau of Public Roads, now the Public Roads Administration, to an extent which

made it advisable for the Association of American Railroads to designate a committee

of executive engineering officers to represent all of the railroads in dealing with the

federal and state authorities in the development and execution of this program which,

until terminated by the war, involved federal appropriations of several hundred millions

of dollars and included work in all states. The committee decided that John Brennan

was its unanimous choice for the important position of engineer of grade crossings of

the Association of American Railroads and that he should act as secretary of the com-

mittee. He labored hard and effectively to develop a greater spirit of mutual confidence

and cooperation between the highway officials and the railroads. He had the complete

confidence and respect of the many federal and state highway officials with whom he had

to deal. He was always an invited guest of the American Association of State Highway

Officials at its annual conventions and attended these functions anywhere in the country

that they might be held.

He also became Washington representative of the AAR Committee on Waterway

Projects.

During his period of service with the Association of American Railroads he was on

leave of absence from the New York Central. With the beginning of the war his own

company was anxious to secure his return to its service and in 1942 he was appointed

assistant to vice-president, improvements and development, with headquarters in Wash-

ington, and continued as secretary of the Grade Crossing committee of the AAR. In his

new capacity he relieved the executives of the New York Central of the necessity of

many trips to Washington and was the point of contact for any department that needed

his services. His duties involved cooperation with many of the principal agencies of the

federal government, especially the Army and Navy, the National Resources Planning

Board, the Public Roads Administration, the Defense Plant Corporation, the War Pro-

duction Board, the Office of Defense Transportation, the War Manpower Commission,

the Maritime Commission, etc. He actively cooperated with these various agencies in

the location of many projects for war and industry.

He became a member of the American Railway Engineering Association in 1925

and was always much interested in its activities. He was designated a member of the

Committee on Highways in 1928 and was advanced to the chairmanship of that com-

mittee in 1932, which he retained until his death. He was also on the Committee on

Clearances. He was a member of the Committee on Standardization until that com-

mittee was reorganized in 1941. He served as a director from 1938 to 1941.

He was a member of the Metropolitan Club and of the Kenwood Golf and Country

Club in Washington. He was a member of the Roman Catholic Church of St. Thomas

the Apostle in Washington and one who lived his religion.

Few will be missed more.

R. E. Dougherty, Chairman,

Bernard Blum
r. p. forsberg

Committee on Memoir.
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Jfranfe Stinger

Died, February 6, 1944

Frank Ringer, the son of William and Martha Ringer, was born August 17, 1869,

on a farm just outside Paola, Kans., where he spent his boyhood days, and had his

preliminary schooling. After two years of academic studies at Baker university, Baldwin,

Kans.,' and four years of engineering in the University of Kansas at Lawrence, he was

graduated with a degree of B. S. C. E. in June 1893. During his college days he was a

member of Beta Theta Pi and Sigma XI fraternities.

Following graduation he went to CaUfornia in search of employment, but finding

nothing to his liking, he returned to Kansas and entered the service of the Missouri,

Kansas & Texas Railway in 1894 as a rodman at Parsons. Some of his early experience

was gained in a party on the location and construction of a branch line to Mineral in

southeastern Kansas.

Frank Ringer

In 1896 he moved to St. Louis where he worked as a draftsman in the chief engi-

neer's office for the ensuing six years. In 1902 he was appointed assistant engineer and

in 1905 was promoted to resident engineer at Sedaha, Mo., where a heavy improvement

program was developing. A year later he was again promoted to principal assistant

engineer and moved to Parsons, Kans. In 1911 he was made assistant chief engineer

under the late S. B. Fisher, and in 1912 was promoted to engineer maintenance of way,

in which capacity he served until 1917, with the exception of a few months' service with

the operating department as superintendent at McAlester, Okla.

In 1917 he became chief engineer, the position he held until his death on Febru-

ary 6, 1944, thus terminating a half century of unbroken active service with one com-

pany. The first M-K-T train ran into his home town the year he was born, so having

lived, worked and grown up with the Katy, it was quite natural that he should consider
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himself a part of it and, except for his love for his family, the railroad held his undivided

lifetime loyalty.

While he was assistant and principal assistant engineer, branch lines were being

extended in Kansas and Oklahoma to serve the rapidly developing coal, oil and gas fields

and the many industries which grew out of their development. Throughout his residence

at Parsons he was engaged in a variety of engineering practice not frequently experi-

enced by any man in so brief a period. The improvement programs included the con-

struction of a complete new locomotive shop layout, a passenger terminal, a general

office building, extensive line and grade revisions and the double tracking of 54 miles of

the main line in southern Oklahoma.

As chief engineer he had charge of the construction of another $2,000,000 locomotive

shop layout at Waco, Tex., and a complete new $3,500,000 freight terminal and classi-

fication yard at Denison. Among other large projects under his direction were a 3,000,000-

bu. grain elevator at Kansas City, Kans., a modern vertical-lift bridge across the Missouri

River at Boonville, Mo., a large warehouse at Dallas, Tex., and numerous other con-

struction projects, including six major freight house layouts and three complete engine

terminals.

Mr. Ringer had been a member of the American Railway Engineering Association

since 1909, and became a life member in 1944. He also held membership in the American

Railway Bridge & Building Association and the Roadmasters & Maintenance of Way
Association. He served on a number of AREA committees, but his primary interest was

in Committee 9—Highways, of which he was a member from 1926 until his death, and

of which he was chairman for two years. He was also a member of the Board of Direc-

tion from March 1929 to March 1932.

In 1930 he was appointed to membership in the newly formed ARA Joint Com-
mittee on Grade Crossing Protection, a subject in which he was deeply interested, and

he became chairman of the committee in 1931. In undertaking to supervise its function-

ing he gave wholeheartedly of his time and effort, and was always available for con-

sultation on problems relating to the administration of its affairs. The members admired

and respected him for his ability to reconcile controversial opinions, and in so doing he

never failed to convince his associates that his ideas were broad enough to transcend the

railroad point of view, although this was clearly his paramount interest.

Mr. Ringer was not affiliated with any club or social organization and in lieu of

the associations to be developed through such contacts he derived the keenest of en-

joyment from the fellowship engendered by his participation in AAR and AREA com-

mittee work. He maintained a professional dignity at all times, even with his own
office associates, but he was generous, and in a genial atmosphere he displayed a wealth

of good humor.

During his boyhood days he developed the friendship of Miss Georgia Duncan which

ripened into a lifelong partnership, for they were married in 1895. She was a continual

inspiration to him, was interested in the things that interested him, and together they

pursued studies of various subjects even to recent months.

He was successful, lived well in keeping with his station and except for the recent

loss of a daughter, Mrs. Virginia Niederlander, his course ran quite smoothly.

He is survived by Mrs. Ringer, a daughter, Mrs. Dorothy Hartman, a grand-

daughter, Georgia Hartman, and a brother, W. H. Ringer, a businessman at Paola, Kans.

A. L. Sparks, Chairman,

Bernard Blum
L. C. Heilman

Committee, on Memoir.
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